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EDITORS FREFATE, 


ArrHoucH the number of short Text books of Inorganic 
Chemistry is large, it is hoped that this little book will supply 
a definite want among teachers and students, corresponding to 
that which the Editor has himself felt. 


The principles which have guided the Author in writing the 
book are fully stated in his Preface, and with these the Editor 
entirely concurs ; but in adapting the book for English students 
certain alterations and additions were necessary, and to these 


the Author has given his full consent. 


The whole book has been carefuliy revised throughout, and 
the physical constants brought up to date. Considerable 
additions have been made to the descriptions of water, atmo- 
spheric air, coal, iron, &c. Short accounts of Gay-Lussac’s 
law, Avogadro’s law, and the manufacture of coal-gas have also 


been introduced into the text. 


In the Appendix, which is entirely new, a brief account has 
been given of the methods used for determining atomic and 
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molecular weights, of Prout’s law, and of the Periodic law. 
The Editor acknowledges his indebtedness to Lothar Meyer’s 
‘ Moderne Chemie’ in writing this Appendix. Finally, a series 
of tables has also been added, which it was thought would prove 
useful in the laboratory. Some of these have been taken from 


Landolt and Börnstein’s excellent collection of physical tables. 


The range which the book covers is rather more than that 
required for the Intermediate Science and Preliminary Scien- 
tific (M.B.) Examinations of the London University, and the 
needs of students working for these examinations have been 
steadiiy kept in view, but without following the syllabus in a 


servile manner. 


ABERYSTWYTH : March, 1884 


AUTHORS PREFAGE, 


T'Hıs short Text-book has been written to recall to the memory 
of students who have attended a course of lectures on Experi- 
mental Chemistry what they have seen and heard, and to clear 


up any points which may not have been properly understood. 


A necessary condition for using a text-book of chemistry 
successfully is attentive and continuous attendance at the 
lectures. Students in arts who have not regularly attended a 
course of lectures may be able to read up afterwards what they 
have missed ; but a lecture which has not been attended by a 
student of chemistry cannot be made up by mere reading— 
neither the notes of the lecture by other students, which ought 
to be extremely few, nor a text-book, can serve as a substitute for 
what has not been heard. "The chemist has to learn, not by 
reading nor by hearing alone, but both by hearing and seeing, 
A person who has not seez the phenomena produced by the 
union of oxygen and hydrogen, for example, can have no clear 
conception of them, nor of the chemical change which accom- 


panies them. Nothing is more foolish than the opinion, which 
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I have often heard from young medical students, that chemistry 
can be studied from books alone, like other subjects ; that 
facts which are learnt by heart can take the place of general 


principles only partially understood. 


The opinion of chemists as to how many of the immense 
number of empirical facts now known in chemistry should be 
introduced into lectures appears to be very different. I quite 
agree with Fittig when he says : ‘Chemistry can no longer be 
taught as a descriptive science ; in lectures on chemistry the 
general nature and principles of chemical phenomena should | 
take the first place, and should be illustrated by experiments, 
but allthe many compounds should not be enumerated and 
described.. But my opinion differs from that of Fittig when | 
he, rather inconsistently, goes on to add: ‘But in teaching 
chemistry in this manner it is still requisite to offer to the student 
as easily and completely as possible the material on which 


these general principles are based.’ 


The study of chemistry is similar to that of a language. 
What is learnt in the lectures scarcely goes as far as reading 
and parsing ; at most it only includes the rules by which words 
are built up into sentences. To use the language with success 


—to speak it—continued practice is required. 


The same is also true of chemistry : the science is learnt in 
the laboratory, not in the lecture theatre. “The most that can 
be done in the lectures is to prepare the student for successful 


work in the laboratory. 
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And although teachers in law, history, and philosophy give 
the best they have in their lectures, experimental chemistry, as 
taught in the lecture theatre, must be elementary. To enume- 
rate many chemical facts loads the memory with ballast, and 
tends to learning by rote instead of clear perception and after- 


thought. 


The problem of the lecturer on chemistry is therefore to 
give his hearers an idea of chemical processes and the most 
important chemical theories without burdening their memories 
with a large number of mere facts, and thus to prepare them 
to acquire an accurate knowledge of chemistry by their own 


practical work. 


I have adhered to this general principle in writing this short 
Text-book. I have also endeavoured not simply to givea series 
of dry facts, but to blend them together into one continuous 


narrative, 


Of the students attending chemical lectures, those making 
chemistry a special study are nearly always in a minority. A 
complete description of those parts of the science (e.g. the rare 
elements, the ammoniacal compounds of cobalt and the platinum 
bases) which have only interest for these few and not for those 
studying medicine, pharmacy, agriculture, &c., is therefore out 
of place both in lectures and in elementary books ; and all the 
more so as the special study of these subjects is better carried 
on in the laboratory. Such subjects are therefore briefly 


treated in this Text-book, while others of general interest, such 
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as water, atmospheric air, carbon, carbonic acid, arsenious acid, 
the detection of arsenic in cases of poisoning, salts, iron, lime, 


&c., are referred to more fully. 


The engravings in the text are limited in number : they 
illustrate only that apparatus which I consider to be especially 
adapted to recall to the student what he has seen in the 


lectures. 
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INORGANIC CHEMISTRY. 


INTRODUCTORY. 


THE science of Chemistry is closely related to that of Physics, and 
itisthe aim of both sciences to solve nearly the same problems. 
The province of both is to investigate the processes of nature per- 
ceptible to the senses, to discover the course they take, their con- 
nection with one another, and their causes, and to investigate the 
laws according to which the forces of nature act, whatever may be 
the objects or classes of bodies upon which their action is exerted. 

Thesetwo sciences—Chemistryand Physics—are the foundation 
of all other natural sciences—of mineralogy and geology, of zoology 
and botany, as well as of astronomy, and especially of the whole of 
medical science, which endeavours to fathom the processes pro- 
duced in a certain class of bodies by chemical and physical forces. 

If we consider what goes on around us in nature, we perceive 
the change from day to night, we notice the moon and apparently 
the sun revolving round the earth, as well as similar movements in 
other heavenly bodies ; we feel the movements of the air, perceive 
the change of temperature ; we notice water freezing, and admire 
the rainbow, the thunderstorm, formation of clouds, &c. Allthese 
phenomena belong to the processes of physics ; but where shall we, 
then, look for chemical prockgses ? 

Simple chemical processes are not nearly so common in nature 
as simple physical processes, and this is certainly the reason why 
physical phenomena and physical laws were investigated many 
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centuries before any idea of a natural law in chemistry was con 
ceived. 

We notice plants growing and animals breathing, both which 
processes go on by the inter-action of chemical and physical forces. 
But how plants assimilate the constituents of atmospheric air, and 
work them up chemically into their substance, still remains a 
mystery to the chemist and physicist at the present day. 

When a tree is struck by lightning and burns, this is certainly 
a chemical process, and one much simpler than the growth of a 
plant. But although man has known from time immemorial how 
to produce fire, and has had the chemical process of burning wood 
daily before his eyes, a correct explanation of a process apparently 
so simple was only obtained at the end of the preceding century. 
For this reason chemistry may well be called the younger sister of 
physics. 

The intelligent observer also perceives numerous other chemi- 
cal processes going on in nature ; he notices the weathering of 
rocks, the putrefaction of animal and vegetable matter, the deposi- 
tion of limestone in caverns, the rusting of iron, the souring of 
milk, wine, &c. ; but these and similar changes usually go on so 
slowly that their progress is difficult to follow. 

Innumerable chemical processes were introduced by man 
thousands of years ago. It was found that lime which had lain in 
the fire—quick-lime—became hot when brought into contact with 
water, that it possessed generally other properties than the lime 
which had not been burnt ; metals had been extracted from their 
ores by heating with charcoal ; white arsenic had been obtained 
by roasting other ores ; sulphur had been burnt in the air and the 
suffocating acid gas so produced had been noticed. But these and 
a hundred other similar changes’ could only be correctly understood 
and explained after the common cause of them all—fire—and the 
process of combustion had been made clear. 

For this reason, the discovery of oxygen—of that substance 
which is as necessary far combustion as it is for respiration—by 
Priestley and by Scheele, and Lavoisier’s first correct explanation 
of combustion, are the pillars which carry the noble edifice of 
modern chemistry, based on the foundation of numerous earlier 
observations. 

In what manner, then, do chemical and physical processes difter 
from one another—which phenomena belong to chemistry and 
which to physics? The answer may be easily given ina few words, 
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but will not be so easily understood by those to whom chemical 
phenomena are strange. 

Chemical processes are those by which Bodies underge a material 
change. In physical processes, pure and simple, the swöstances 
in which we notice a change remain materially unchanged. But 
what is to be understood by a material change? This will best 
be explained by a few examples. 

A stick of sulphur when rubbed becomes electric and attracts 
small pieces of paper or other light bodies, and then repels them. 
The same sulphur, if heated in a test tube, melts to form a pale 
yellow, clear liquid, and changes at a higher temperature to a 
reddish-brown gas, which externally has not the remotest similarity 
with the solid yellow sulphur. But has the sulphur by the rubbing 
or by the heating undergone a material change, have chemical pro- 
cesses taken place in both cases? 

The answer to this question ısanegative. The swösZartce of the 
sulphur is the same after the rubbing as before, and sulphur gas, 
as well as liquid sulphur, nave the same relation to solid sulphur 
as water gas or water vapour, and liquid water to solid water or ice. 
\We have here to do with a change in the state of aggregation pro- 
duced by heat, which only lasts as long as the cause producing it. 
Just as water gas by cooling again becomes first liquid water and 
then solid water, so the sulphur gas changes into liquid sulphur 
and then into solid sulphur, with exactly the same properties as it 
possessed at first, as soon asthe source of heat is removed. 

But something quite different happens when we heat sulphur 
in an open vessel, so strongly that it catches fire and burns with a 
blue flame. In this case, too, it changes entirely into a gas, the 
colourless gas with the well-known odour of burning sulphur. If 
we cool the gas, for example, by leading it through a vessel sur- 
rounded with cold water, we should in vain expect to obtain liquid 
or solid sulphur from it. By this process the sulphur has suf- 
fered a material change—z.e. a change which continues after the 
cause has been removed. The sulphur has united chemically 
with a constituent of the air, and a new substance has been 
produced. 

If we intimately mix together yellow sulphur and metallic iron, 
both in the state of a fine powder, we obtain a grey substance, 
which externally has no similarity with either of the bodies from 
which it was produced. It might be thought that this grey powder 
no longer consists of yellow sulphur and black iron, and that the 
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two substances had undergone a material change by the act of 
mixing them. 

We can, however, readily convince ourselves that this mixture 
really contains unchanged sulphur and iron. The lighter sulphur 
may be easily separated bythe mechanical process of washing, and 
the iron may be removed by a magnet— which would not be pos- 
sible with the product of real chemical action. 

Let us prepare a mixture of four parts of sulphur and seven parts 
of iron, both finely powdered, and heat the mixture in a test-tube 
in the gas lamp. In a short time that portion of the mass which 
is most strongly heated commences to glow ; the glowing then 
spreads through the entire mixture, and finally ceases of itself. It 
seems remarkable that at this high temperature none of the volatile 
sulphur is given oft. 

Sulphur and iron, which when only mixed remain chemically 
unchanged, attract one another chemically when heated to a cer- 
tain high temperature, and then both of them suffer a material 
change. The dark-grey, solid, hard product may beeasily pulver- 
ized, but this powder has now quite different properties to the mere 
mixture of sulphur and iron. We might try in vain to separate 
the sulphur by washing or by any other mechanical operation, or 
to extract the iron by the magnet. Sulphur and iron experience a 
material change when heated together, and in such a manner that 
it might be asked whether the new product really contains sulphur 
and iron, or whether both have not been lost by the operation. 

This question cannot be decided a Zrior?, nor by mere philoso- 
phising, but only by experiment, and it has been so decided. 

If the sulphur and the iron had been lost on their union, if 
they were no longer contained in the compound, it would not be 
possible in any imaginable manner to again separate them with 
their original properties. But chemistry teaches that, in this and 
other cases, compounds may be again decomposed into their con- 
stituents, and that the same gxanzities of these constituents may be 
again obtained. The process of building up a chemical compound 
from its constituents, as here illustrated in the case of sulphur and 
iron, is called syr/hesis: the reverse of this is analyszs. 

The union, or, as we may say, the coalescence—of the consti- 
tuents of a chemical compound is so close that by no means can 
either of them (e.g. the yellow sulphur in the above compound) be 
perceived in the dust of a compound, not even with the most 
powerful microscope. It is thus clear why it is impossible to split 
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up a chemical compound by pure mechanical means. Suöstances 
united by chemical force can be only separated by some force acting 
chemically. 

Those substances which we cannot further decompose by 
chemical analysis we call simple bodies, or e/ements, without wish- 
ing to assert that they are really undecomposable. They are 
elementary substances for us onlyaslong as we have not succeeded 
in decomposing them. 

The inquiry after the fundamental substances of inorganie and 
organic nature is as old as the investigation of nature itself; but 
what we understand to-day by the word chemical element is some- 
thing quite different from what was formerly so called. The state- 
ment of the early philosophers, who neglected experiment and 
exact investigation, that Z7re, Arr, IN ater, and Zarth wereelements, 
rather meant that all natural bodies have Zhıeir origin in these four 
things, than that they corszs? of them. And when this question 
was more critically examined and experimentally investigated, 
these four elements of the ancients were abandoned. 

It is now known that what is called fire is not a substance buta 
phenomenon ; that water consists of two gaseous bodies, as yet 
incapable of further decomposition, oxygen and hydrogen ; that 
air isa mechanical mixture of two gaseous substances, oxygen and 
nitrogen ; and that earth is no single individual substance, but 
an agglomerate of thousands of very different chemical elements 
and compounds. 

Our present chemical elements are the result of experiment. 
Their number is somewhat large, and, according to experience, 
will probabiy increase. We already know more than sixty. 

When it is considered how easy it is for us to decompose water 
into its constituents, and to reproduce it from them, the question 
arises, how was it possible that up to a hundred years ago water 
was thought to be an elementary substance, how was it possible 
that one of the many methods which we now know for its decom- 
position, had not been discovered much earlier ? 

The principal agent, which was previously almost exclusively 
employed in order to produce chemical decomposition, was a high 
temperature, or fire. Crucibles, heating furnaces, distilling appa- 
ratus were most indispensable in furnishing the laboratory of an 
alchemist. If water had possessed the property to be decomposed 
at a high temperature, its compound nature would have been re- 
cognized long previously. That it remains unchanged at a red- 
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heat could only help to confirin the belief that it was undecompos- 
able. 

The methods which we now use to decompose water were 
partially unknown to the chemist of earlier centuries, and were 
partially wrongly interpreted. 

To the fermer, belong the electrolytic force of the galvanic 
current, and the action of those metals, only discovered later, which 
decompose water at the ordinary temperature: potassium, sodium, 
&c. To those processes by which water is decomposed, and which 
were long known, but were previously falsely explained, belongs the 
reaction which occurs when iron is brought into contact with water 
and a strong acid. Everyone who sees this experiment for the 
first time believes, as was formerly done, that the gas evolved from 
the iron is 'extracted from this metal, whereas it really arises from 
the decomposition of the water. 

Let us consider this and other processes by which water is de- 
composed more exactly. 

If we dip two platinum plates into water which is made slightly 
acid with sulphuric acid (pure water is a bad conductor of the cur- 
rent), and then connect the plates with the poles of a galvanic 
battery of four or six Bunsen’s cells, we notice at the moment when 
the circuit is completed that gases are evolved from both platinum 
plates, and that this evolution continues as long as the galvanic 
current remains unbroken. 

Iftwo small tubes of equal size, filled with water, are placed 
over the platinum plates, so that the gas evolved from one plate 
is collected in the one tube, and that evolved from the other plate 
in the other (fig. 1), we notice the following results :— 

i. The gas collecting over the positive electrode ! regularly fills 
a smaller space than that collecting over the negative electrode ; 
exact measurements have shown that the volume of the latter is 
just twice as much as that of the former. 

ii. If a lighted body is brought near the gas from the negative 
pole, when it is allowed to flow out by opening the stopcock, it 
catches fire and burns with a feebly luminous flame. The gas 
from the positive pole does not possess this property ; it does not 
burn itself, but it supports the combustion of other bodies in such 


I The two pieces of platinum which bring the current to the water are 
called foles or electrodes. ‘The one which is connected with the zinc of the 
battery is the wegafive pole or electrode, the other which is attached to the 
copper, carbon, or platinum ofthe battery is the positive pole or electrode.—En. 
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a manner that a glowing chip of wood brought into contact with it 
at once catches fire and burns with a bright light. 

We call the lattergas o.ryger, the former Aydrogen. These are 
the elementary constituents of water, on the re-union of which 
water again results. 

















We will now consider each of these substances separately., 
Oxygen may well be taken first, as it belongs to the most widely 
distributed elements, and since our present scientific chemistry 
dates from its discovery, with the correct explanation of the pro- 
cesses of combustion which immediately followed. 
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OXYGEN. 
Chemical Symbol : O.—Atomie Weight: 16. 


Oxygen belongs to those elements which are most widely dis- 
tributed in nature. The atmosphere contains 23 per cent. of 
oxygen by weight, water 88'9 per cent., and it is further one of the 
chief constituents of the innumerable chemical compounds which 
make up the solid crust of the earth. Oxygen is as widely dis- 
tributed in organic as in inorganic nature ; and it is present in many 
of the numerous products of animal and vegetable life. Sugar, 
cellulose, starch, and many other similar bodies, contain more than 
50 per cent. of oxygen. 

At the first glance it seems almost incredible that a substance 
so very widely distributed in nature as oxygen, and even occurring 
in the free state in atmospheric air, should not have been dis- 
covered earlier than the end of the preceding century. 

The honour of its discovery belongs to two chemists, Priestley 
and Scheele, who, quite independently of one another, observed 
and described it in the year 1774. 


Oxygen is a gaseous substance which can only be condensed 
to a liquid when exposed to immense pressure and extreme cold. 
It was long thought to be only capable of existing in the gaseous 
state, and was one of the so-called “permanent gases.’ Recent 
experiments have shown that, by improved methods of producing 
a high pressure combined with intense cold, oxygen may be 
liquefied. 

The gas is colourless and transparent, without taste or smell, 
and may be respired like common air. It is in fact the free 
oxygen in the air which supports respiration. 

Like common air, it is only slightly soluble in water: 100 
volumes of water free from air at 4° dissolve only 37 volumes of 
oxygen, or one kilogramme of water dissolves 0'053 gramme of 
oxygen. $ 

Oxygen is a little heavier than common air; its specific gravity, 
compared with air as unity, is 1'1056. Since one litre of air at o°, 
and under a barometric pressure of 760 mm., weighs 1'293 gramme, 
one litre of oxygen under similar circumstances weighs 1'429 


gramme. 
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Notwithstanding its immense distribution in nature and its 
innumerable compounds, only a few substances are adapted for 
the preparation of oxygen. 

We may obtain it from water by electrolysis in the manner 
just described. But although this method gives very pure oxygen, 
it is not suited for the preparation of large quantities. Among 
the numerous minerals containing oxygen very few can serve 
directly for its preparation. The foremost of these few is pyro- 
lusite, an oxygen compound of a metal—manganese—closely 
resembling iron. This compound is called by chemists manganese 
‚peroxide (black oxide of manganese). It is a greyish-black ore 
which occurs somewhat largely in nature, and possesses the 
property when heated of parting with a portion of its oxygen, 
forming another compound of the same metal containing less 
oxygen. 

In order to prepare oxygen from it. a long iron tube, closed at 
one end, about the size of an ordinary gun-barrel, is filled with 
small pieces of the broken mineral. The open end is then closed 
with a cork, pierced to receive a glass tube, and heated in a gas 
or charcoal furnace. As soon as it commences to become red- 
hot, gas is freely evolved from the glass tube, which is allowed to 
dip under water. The gas which is first given off, and which is 
contaminated with the atmospheric air present in the tube, is 
allowed to escape ; the oxygen may then be collected in glass 
cylinders or in a sasometer as required. 

This method gives large quantities of oxygen easily and quickly, 
but not of perfect purity. A compound of manganese, containing 
less oxygen (trimanganic tetroxide), remains behind in the tube, 
and gives off no further oxygen, even when very strongly heated. 

A larger quantity of oxygen may be obtained by heating the 
mineral with sulphuric acid, but for other reasons this method is 
not to be recommended. 

In order to prepare oxygen from the atmospheric air, the nitro- 
gen, with which it is mechanically mixed, must be removed in the 
shape of some non-volatile chemical compound. This, however, 
cannot be done, since the force which produces chemical union, 
‚and which we call chemical affınity, is very powerful in the case of 
‚oxygen, and the reverse in that of nitrogen ; in consequence of 
\this, nearly all attempts to fix the nitrogen of the air in a chemical 
‘compound result in binding the oxygen, while the nitrogen remains 
Ifrec. 
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We can, however, accomplish our purpose in aroundabout way. 
We can cause the oxygen of the air to unite with some other body, 
producing a compound, which, like the pyrolusite, again gives up 
its oxygen under favourable circumstances. This may be done in 
the following manner. 

The metal mercury possesses the property of combining chemi- 
cally with the oxygen of the air, when heated up to a certain 
temperature (320°), which must not be exceeded to any great 
extent. By this process it loses its metallic lustre, and becomes 
changed into a red powder, called red oxide of mercury (mercuric 
oxide). This product has the remarkable property of decomposing 
into its constituents—mercury and oxygen—when heated to a 



























































































































































Fig. 2. 


temperature a little higher than that necessary for its production. 
In this way, which was first used by Priestley to prepare the gas, 
oxygen may be indirectly obtained from the air, in a state of great 
purity. 

The accompanying figure (fig. 2), shows a simple apparatus for 
the preparation of oxygen from this mercuric oxide, which may be 
also used to determine the quantity of mercury by weight con- 
tained in the weighed quantity of mercuric oxide employed. The 
mercuric oxide is contained in the closed end of the tube of diffi- 
cultly-fusible glass, as shown in the figure. Its weight is deter- 
mined by weighing the bent tube when empty, and then again 
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when the substance has been introduced ; the difterence in weight 
gives the quantity of mercuric oxideemployed. Acork witha bent 
glass tube is then fitted air-tight in the open end, its other end 
dipping under a cylinder filled with water. If the mercuric oxide 
is now heated by a gas flame, and the heating continued until it has 
all vanished, the oxygen which was previously present in it passes 
over into the glass cylinder standing over water, and the less 
volatile mercury is deposited in the cooler portions, z, of the tube. 


























If the tube containing the metallic mercury is again weiched, 
‚when perfectly cold, and from this the weight of the empty tube 
|subtracted, the difference will give the quantity of the mercury 
produced, At the same time the volume of the oxygen may be 
measured and its weight determined from its volume and specific 

‚gravity, 
If the experiment is carried out with care and with the neces- 
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sary precautions, it will be found that mercuric oxide always yields 
92°6 per cent. of metallic mercury, and 7‘4 per cent. of oxygen, or, 
reckoning the oxygen by volume, that 100 grammes of mercuric 
oxide give 92°6 grammes of mercury, and 5,170 c.c., or 5'17 litres 
of oxygen. 

For the preparation of considerable quantities of pure oxygen, 
the best material is an artificial chemical compound very rich in 
this element—potassium chlorate. This salt, which is soluble in 
hot water, and crystallizes out on cooling in small plates, with a 
mother-of-pearl lustre, consists of the metal potassium and the 
gases chlorine and oxygen. It possesses the property of melting 
when heated, and of giving off all its oxygen with apparent boiling 
and frothing, the end product, a compound of its two other consti- 
tuents—viz. potassium and chlorine—remaining behind. In this 
manner Ioo grammes of potassium chlorate give 39 grammes of 
oxygen, or more than five times as much as that obtained by heat- 
ing an equal weight of mercuric oxide. 

This operation is best carried out in a retort of hard glass, as 
shown in fig. 3. Theneck of the retortis connected by a moveable 
india-rubber tube with a glass tube which leads the gas into a 
gasometer, and expels the water as it enters. 

In order to prevent the frothing over of the heated mass in the 
retort, the potassium chlorate may be mixed with an equal weight 
of dry pyrolusite (or oxide of copper) before putting it into the 
retort. Such a mixture does not melt when heated, and as the 
solid body mixed with it distributes the heat equally to the entire 
mass, the evolution of gas takes place without frothing, and much 
more quickly.! 

If large quantities of oxygen are to be prepared, and a pound 
or more of the mixture of manganese peroxide and potassium 
chlorate heated at once, a cast-iron retort may be used, with a 
broad, flat edge (fig. 4). On this edge fits a cover with an enlarge- 
ment at the top, and a tube for the escape ofthe gas. This cover 
is screwed fast, a lute of moist clay free from sand being used to 
make it air-tight. A large gas-burner placed underneath is suffi- 
cient to effect the decomposition of the potassium chlorate. 

The chemical properties of a substance are shown by its 
behaviour to other bodies. Let us see how oxygen acts towards 


I The manganese peroxide remains unchanged during the reaction ; why it 
is that some substances cause the evolution of the gas at a lower temperature 
and others do not, has not yet been satisfactorily explained.—En. 
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some of the better known chemical substances, and what pheno- 
mena may be observed at the same time. 

Daily experience teaches us that a glowing chip of wood is soon 
extinguished in the air. But if it is dipped into a jar of oxygen it 
not only continues to glow, but at once bursts into flame. A piece 
of charcoal feebly glowing soon goes out in the air, but continues 
to burn with much greater heat and light when introduced into 
oxygen. Sulphur when heated in the air burns with a pale blue 
flame. But ifa small piece is placed in an iron spoon, ignited, and 
then dipped into a jar containing oxygen, not only does the flame 
increase in size and brilliancy, but the sulphur also burns away 
more rapidliy. We may readily convince ourselves of this by 
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burning two pieces of sulphur of the same size, one in air and one 
in oxygen. Phosphorus, which catches fire so easily, and which 
even in common air burns brilliantly, if heated in an iron spoon 
and introduced into a large jar of oxygen, produces a light so intense 
that the eye cannot bear it, and so high atemperature that the glass 
vessel is often broken. 

Iron, which melts and burns difficultly in the air, catches fire 
when previously heated and plunged into oxygen, burning with 
great brilliancy and a shower of sparks to form a new substance— a 
chemical compound of iron and oxygen. To perform this pretty 
experiment on a small scale it is best to employ a thin steel watch- 
spring. The spring is softened and bent intoa spiral form, attached 


14 Text-Book of Inorganic Chemistry. 


at one end to a cork, and to the other end is fastened a small piece 
of tinder. The tinder is then set on fire and the whole plunged 
into a jar of oxygen. The tinder first burns with a bright flame, 
and then imparts its temperature of combustion to the iron, which 
is high enough to make the metal 
burn brightly with a shower of sparks 
(fig. 5). This phenomenon lasts as 
long as any unburnt oxygen remains, 
or until allthe iron is consumed. The 
drops of the molten compound of iron 
and oxygen which fall down are so 
hot that they fuse into the bottom of 
the glass vessel, and often cause its 
destruction. 
In the same manner as these sub- 
stances, all bodies which burn in 
Fig. 5. atmospheric air burn also in oxygen, 
and always with a much greater evo- 
lution of light and heat than we are accustomed to see in common 
air. 





In all cases the products of the combustion are chemical com- 
pounds of the burnt body with oxygen. With charcoal and sulphur 
these products are not so perceptible as with iron, as they are 
colourless, transparent gases. But their presence may be easily 
made manifest to theeye. The gaseous product of the combustion 
of charcoal, carbonic acid, possesses the property of making a clear 
transparent aqueous solution of lime—lime-water—turbid, by the 
production of a new chemical compound of carbonic acid and lime, 
which is insoluble in water. If, therefore, we pour clear lime-water 
into the jar in which the charcoal has burnt, and bring it into close 
contact with the carbonic acid by shaking, the liquid becomes 
milky and afterwards deposits a white precipitate. 

. The gaseous product (sulphurous acid) of the combustion of 
sulphur may be recognized by its piercing acid odour, as well as 
by the reddening of the blue aqueous solution of litmus when this is 
poured into the jar in which the sulphur has burnt. 

The product of the combustion of phosphorus—phosphoric 
acid—is really a solid body—a snow-white powder ; it dissolves, 
however, so easily in water that if the vessel in which the phos- 
phorus was burnt contained a little moisture the compound at once 
disappears. The presence of this body, or generally that the com- 
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bustion of phosphorus produces a substance with strongly acid 
properties, may also be shown by the strong red colour which is at 
once imparted to blue litmus solution brought into contact with it. 

It will benoticed that thechemical compounds produced by the 
combustion of sulphur and phosphorus are acid bodies : the same is 
also true for that body produced by the combustion of charcoal. 
At one time it was thought that all acids contained oxygen, whence 
its name, from o£vs, “acid, and yevvao, *I produce’ Wenow know 
that this is incorrect. 


The apparatus which served originally for measuring volumes 
of gases, and called, therefore, gasometers, are now principally em- 
ployed for the collection and 
preservation of gases. We 
have referred above to these 
instruments, which are pro- 
vided with simple arrange- 
ments for allowing the gas 
to stream out under pres- 
sure of water as required, 
and so make it possible for 
the chemist to use the gas 
at any.time. 

The construction of the 
gasometer is simple, and 
may be easily understood 
from the accompanying 
figure (fig. 6), and from 
fig. 3. It consists of two 





vessels of copper (or zinc), 
of which the lower one, B, 
ıs closed in all directions, 





while the upper and smaller 
one, A, is open at the top. 





3oth communicate with two 














tubes, z and Ö, provided 
with stop-cocks, which, to- 
gether with short thick rods e, c, serve to support the upper vessel. 
The tube, d, does not go further than just throush the base of A 
and the top of B; the tube a, on the other hand, extends nearly to 
the bottom of the vessel B, and is open at the lower end. At the 
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side is another tube with the stop-cock e, which allows the gas 
contained in B to flow out when required. 

The vessel B is first filled with water by pouring it into A, and 
opening the cocks, a, 6, and e. The water flows in by the tube a, 
reaching nearly to the bottom of B, and displaces the air, which 
escapes by the tubes d and e, until the entire vessel is full. After 
all the stop-cocks have again been closed, the lower, wider tube Z 
may be opened without water flowing out. The end of the tube, 
from the apparatus evolving the gas, is then inserted at 4, and as the 
gas enters the vessel B it displaces the water which flows out by 
the side of the tube from d. 

The extent to which the gasometer is filled with gas is shown 
by the height of the column of water in the glass tube g, /% which 
communicates with the interior of the vessel B, above and below, 
and in which the water is always as high as in the interior of the 
gasometer. 

When the gasometer is filled as far as required, the tube is 
withdrawn, the screw at Zreplaced, and the stop-cock @ opened. 
The gas enclosed in B is thus subjected to a pressure equal to the 
column of water from the surface of the water in B to that in A, 

If the stop-cocks and joints of the gasometer are air-tight, the 
gas may be preserved in it for a long time. Whena regular stream 
of gas is required, the tube e is connected with the apparatus by a 
piece of india-rubber tubing, and the stop-cock opened. Ifthe gas 
is to be collected in a cylinder over water, the cylinder is filled with 
water, closed with a glass plate, and inverted in the water of the 
vessel A. The glass plate is then removed, and the stop-cock d 
opened, when the gas rises, the cock a being open, under the pres- 
sure of the difference between the column of water in and over the 
tube a and of that over the opening of d in the cylinder. 


HYDROGEN. 
Chemical Symbol: H.—Atomic Weight: 1. 


Unlike oxygen, hydrogen does not occur in the free state in the 
earth’s atmosphere, but recent physical investigations have shown 
that it is contained in the atmosphere of some of the heavenly 
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bodies, particularly in that of the sun. As a constituent of water, 
hydrogen is very widely distributed and in very large quantities ; 
it is also contained in nearly all organic compounds, either as water 
or in some other form of combination. Hydrogen owes its name 
to the fact that it is an essential constituent of water (Vöwp, ‘ water,’ 
and yevvaw, * I produce’). 

Although hydrogen was prepared as early as the sixteenth cen- 
tury by Paracelsus, it was Cavendish who in 1781 first recognized 
it as an elementary body, and described its properties. Cavendish 
may therefore be rightly considered as the real discoverer of this 
element. 

Hydrogen is a colourless gas without smell or taste, which can- 
not berespired, and which is even less soluble in water than oxygen. 
It was formerly included under the ‘permanent gases,’ but hasnow 
been condensed to a liquid ; the pressure and cold required being 
even greater than in the case of oxygen. | 

One of the most striking physical properties of hydrogen is its 
low specific gravity. Oxygen, as we have seen, 15 a little heavier 
than atmospheric air; hydrogen is so very much Jighter that one 
volume of air weishs more than fourteen equal volumes of hydro- 
gen. Its specific gravity is exactly 0'0692. One litre of hydrogen 
at o° and underan air pressure of 760 mm. weighs 0°0895 gramme ; 
while under similar conditions one litre of air weighs 1'293 gramme, 
and one litre of oxygen 1'429 gramme. Air is therefore 1444 
times as heavy as hydrogen, and oxygen 16 times as heavy. 
This property of hydrogen makes it better adapted than any 

‘other gas for filling balloons. 

Water is principally employed for the preparation of hydrogen. 
"The gas may be obtained, as we have previously seen (p. 6), by 
\the decomposition of water into its two constituents by the electric 
‘eurrent, and by collecting the gases in separate glass tubes, pre- 
viously filled with water. Or, we may employ some body acting 
‘chemically, which, having a stronger affınity for oxygen than 
Ihydrogen has, unites with the former to produce a non-volatile 
‘chemical compound, and sets the latter free in the gaseous 
state. 

To those elements which unite a very strong affinity for oxygen 
with a very weak attraction for hydrogen belong the metals potas- 
ssium and sodium. If a small piece of sodium is thrown upon 
‚water, it swims on the surface with a hissing noise, evidently pro- 
ducing an evolution of gas. The piece gradually becomes smaller 
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until it completely vanishes. By this reaction the metal sets the’ 
hydrogen free from the water and unites with the oxygen; the 
oxygen compound of sodium so produced is then dissolved in the 
remaining water. 

In order to collect the hydrogen evolved, and to recognize it 
as such, a small glass tube, closed at one end, may be filled with 
mercury and inverted ina trough containing the same substance. 
A little water isthen introduced into the tube, and a small globule 
of sodium passed up. As soon as the sodium reaches the water 
in the tube a lively evolution of gas commences, the globule be- 
comes smaller, and in a few seconds disappears. The gas which 
collects in the upper portion of the tube devresses the column of 
mercury and takes its place. If the tube is now closed with 
the thumb, re-inverted, and a burning chip brought near to the 
open end, the gas, which rapidly streams out on account of its 
lightness, catches fire and burns with a pale, scarcely luminous 
flame. 

This method of obtaining hydrogen is very simple and instruc- 
tive, but is not well adapted for the preparation of large quan- 
tities of the gas. We are acquainted with other metals that have 
a strong affinity for oxygen, and which can also decompose water, 
which, however, do not, like sodium, possess this property at the 
ordinary temperature, but only acquire it at a higher temperature, 
near a red-heat. To these belongs iron. 

If an iron tube—e.g. an ordinary gas-tube—is filled with iron wire 
wound together, and then heated to redness in a furnace so that 
the ends project out for some distance, and if steam from boiling 
water in a retort is passed in at one end of the tube, the water is 
decomposed, its oxygen uniting with the iron to form a solid com- 
pound which incrusts the metal, while its hydrogen is set free from 
the other end ofthe tube. If a glass tube dipping under water is 
previously connected with this end of the iron tube, large quanti- 
ties of hydrogen can be collected in inverted glass cylinders placed 
to receive it. 

Iron acquires the property of decomposing water at the ordinary 
temperature, when a strong acid—e.g. sulphuric acid—is added to the 
water. Since, however, iron always contains carbon, and often 
other substances mixed with it, the hydrogen so obtained from this 
metal is always rendered impure from the admixture of other sub- 
stances, particularly of gaseous hydro-carbons. It is therefore 
better to ernploy metallic zinc, which is easier to obtain in a fairly 
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pure state, and which, in this respect, behaves in just the same 
manner as iron. 

Asa vessel for generating the gas, a Woulft’s bottle with two 
necks may be employed, which contains the zinc in the granulated 
state (fig. 7). Inthe one neck is a cork, fitting air-tight, which is 
pierced to receive a funnel-tube, passing to the bottom of the flask, 
and serving to pour in the acid. The other neck also contains a 
cork, carrying a glass tube just passing through it, by which the 
gas escapes and may be collected. For convenience in movement 
this glass tube is best divided into two parts connected together by 
an india-rubber tube. If now sulphuric acid strongly diluted with 
water is poured in by the funnel-tube, and so brought into contact 





with the zinc, a copious evolution of hydrogen is at once produced 
‚with the development of heat. In the flask the salt called white 
\vitriol (zinc sulphate) remains behind dissolved in the water. 

Before commencing to collect the gas in the jars or ina 
;gasometer, a certain quantity, not too small, must be allowed to 
‘escape into the air, until there is no doubt that all the air which 
was contained in the Woulff’s bottle has been driven out. I a 
|'mixture of hydrogen and air is set on fire, the combustion would 
probably be accompanied by a powerful explosion, and the vessel 
sshättered. 

In itschemical behaviour, hydrogen is particularly distinguished 
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from oxygen by the fact that it is combustible ; it takes fire when 
ignited in contact with air, and burns with a scarcely luminous 
flame., e 
.. The chemical properties of hydrogen generally are best seen in 
its behaviour to oxygen, in connection with which we have to con- 
sider four distinct questions :— 

i. Under what conditions does the chemical combinatiön of 
hydrogen and oxygen take place ? 

iı. What is the product of this union ? 

iii. With what phenomena is the chemical union of the two 
substances accompanied ? 

iv. What regularities do we observe in the.process ? 


Oxygen and hydrogen gases, when mixed together in any pro- 
portion, remain chemically unchanged under ordinary circum- 
stances for any length of time. Direct sunlight does not act upon 
tke mixture, as it does on the mixture of other gases. But if such 
a mixture be raised to a certain temperature, for which the passage 
of an electric spark or contact with a burning chip of wood suffices, 
chemical union at once follows, in this case with an explosion. In 
order that the hydrogen may unite with the oxygen, it must be 
raised up to or above a certain temperature, called its Zenperature 
of ignition. 

The product of the combination of hydrogen and oxygen is, 
under all conditions, water. Ofthis we may easily convince our- 
selves by a simple experiment. 

Although it is dangerous to ignite a mixture of hydrogen and 
oxygen, a burning body may be safely brought near a jet of 
hydrogen gas issuing from a small opening—e.g. a glass tube—into 
theair. The gas then catches fire and burns with a pale flame. 
If a tube, bent upwards at its point, is connected with a hydrogen 
apparatus or a gasometer containing hydrogen, the gas set on fire, 
and the tube then dipped into a large glass flask containing dry 
oxygen, the flame of the hydrogen becomes smaller—and is at the 
same time tinged yellow—and the inner walls of the flask become 
covered with drops of dew. The longer the hydrogen burns in 
the oxygen the more does the flask become bedewed, and the 
greater is the quantity of water produced. 

The same phenomenon is perceived when the flask is simply 
filled with atmospheric air, the oxygen of which then serves to 
convert the hydrogen into water. 
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If in this experiment oxygen is led into the flask at the same 
rate as itis consumed by the hydrogen, and if care is taken to 
keep down the high temperature produced by the combustion by 
cooling the outside of the flask, a considerable quantity of water 
may in time be produced from its constituents. 

The chemical union of hydrogen and oxygen, whether con- 
tinuous by burning the gas in air, or whether instantaneous by the 
explosion of the two gases previously mixed, is accompanied by 
a very large evolution of heat. In daily life the temperature of a 
flame is often judged by the light which it emits, and it is cus- 
tomary to consider the Name of a spirit-lamp less hot than that of 
a candle. The chemist knows that this measure of the tempera- 
ture of different lames is wrong, and that the scarcely luminous 
flame of hydrogen burning in oxygen possesses one of the highest 
temperatures which we can produce by the processes of com- 
bustion. Platinum, which is so difhcult to melt, and which re- 
mains unchanged in the strongest heat of our ordinary furnaces, 
may be easily fused in the oxy-hydrogen flame. 

The explosive action produced by the ignition of a mixture of 
hydrogen and oxygen in the proper proportions and the danger 
attending these explosions make it necessary to be careful in 
experimenting with such a mixture of the two gases. If a large 
glass jar standing over water were filled two-thirds full with 
hydrogen and the other third with oxygen, the mouth closed with 
a glass plate, the Jar inverted, and, at the moment when the plate 
was taken off, a burning taper applied, not only would the mixture 
burn with a loud explosion, but the glass cylinder would prohably 
be broken. j 

It would be still more dangerous to ignite a gasometer full of 
the mixed gases by opening the, upper stop-cock and applying a 
flame. Since the invisible particles of hydrogen and oxygen are 
most intimately mixed with one another, certainly much closer 
than we can bring the particles of two solid substances by rubbing 
them together, the ignition at one point of the gas would be imme- 
diately transmitted through the entire mass, and a loud explosion 
with the destruction of the vessel, would be the result. 

In order io exhibit this phenomenon in a harmless manner, the 
mixed gases must be enclosed in very thin membranes. A thin 
calf’s bladder may be taken, but it is better and even less dan- 
gerous to explode the mixed gases in soap bubbles. The bubble 
tlled with the gases may be prepared in the following way. 
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About two volumes of hydrogen and one of oxygen are mixed 
in a glass bell-jar (c, fig. 8), standing over water, which is provided 
with a brass stop-cock. To this brass stop-cock is screwed on 
another stop-cock, to which is fastened a bladder softened in warm 
water and squeezed together to expel the air. 
If now both taps are opened and the bell- 
Jar pressed down in the water, the mixed 
gases are forced up into the bladder. As 
soon as the bladder is filled the taps are 
again closed and the bladder unscrewed. 
On dipping then the end of a tube attached 
to the brass stop-cock of the bladder under a 
little soap and water in a saucer, opening 
the cock, and pressing the bladder gently, a 
large number of soap bubbles, filled with the 
mixed gases, may be obtained on the saucer. 
If then a burning taper is’brought into con- 

Fig. 8. tact with these soap bubbles, a violent ex- 

plosion is produced, but without in the least 

damaging the saucer. The bubbles may even be exploded in the 

hollow of the hand without the least danger : no shock is expe- 
rienced, but only a feeling of gentle warmth. 

“If a thin glass flask is filled with the explosive material, the 
mouth closed with a cork, and well wrapped in towels so that the 
mouth just projects, then on pointing the mouth towards a bare 
wall, withdrawing the cork and applying a flame, a smart explosion 
results, and the glass flask is burst into a thousand pieces, which 
remain in the towels. 

A similar, though much less powerful action, is produced by the 
ignition of a mixture of two volumes of hydrogen and five volumes 
of common air. 

In all cases the explosion is caused by the high temperature 
produced when a mixture of hydrogen and oxygen is burnt. The 
water vapour which is produced, and which is momentarily heated 
to redness, expands so largely and so suddenly that thin vessels 
cannot stand the pressure and are therefore burst. Immediately 
after this expansion follows the contraction and condensation of the 
hot water vapour to liquid water by the cooling which it suffers on 
coming into contact with the surrounding cold air. By this means 
a partially vacuous space is formed, and the rushing together of the 
surrounding air, together with the previous expansion, produces the 
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movement in the air which is perceived by the ear as ıhe sound of 
the explosion. 

If such expansions and contractions follow one another alter- 
nately, regularly, and quickly, they may set a column of air ın 
vibration, and produce musical notes. This may be easily shown 
by lowering an open glass tube, of about a metre long, vertically 
over a lame of hydrogen gas, so that the flame continues to burn 


Fig. 10. 

















































































































(fig. 9). The cold air rises rapidly in the tube, mixes with the 
hydrogen gas, and causes it to burn more energetically. And since 
the red-hot water vapour which is cantinually produced is as con- 
tinually cooled by the ascending air, small vacuous spaces are 
formed, and the whole column of air is set into vibration. A 
musical note is therefore heard, the pitch of which depends partly 
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on the width and length of the tube, and partly on the position of 
the flame burning in it. In consequence of these vibrations the 
flame itself is set into quivering motion, something like fig. 10. 


Several practical applications are made of the high temperature 
produced by the combustion of a mixture of hydrogen and oxygen. 
Metals which do not 
melt at the highest tem- 
perature of our furnaces 
—e.g. platinum —may be 
easily fused by means of 
the oxy-hydrogen blow- 
pipe. This blowpipe 
(fg. ı1) is so arranged 
that the hydrogen and 
oxygen only mix at the 
moment when, and at 
the place where, they 
issue from the blowpipe. 
It consists of a copper 
tube, which opens into 
one of platinum, and into 
which hydrogen is led by 
the tap H. A second 
narrower tube of copper - 
is placed inside the 
larger one, and also ter- 
minates in a platinum point. Oxygen is led into this tube by the 
tap O, and it can be raised or lowered at will. 

As crucible for the molten metal a block of quick-lime is used. 
This block is sawn through and hollowed out as shown in the 
figure. The lower piece B, which is provided with a spout D, 
receives the metal to be melted ; the upper piece A is pierced at 
the top to receive the end of the blowpipe. 

The highest temperature is obtained when the taps O and H 
are so placed that for one volume of oxygen two volumes of hydro- 
gen are burnt, which may be easily seen from the nature of the 
flame after a little practice. The molten platinum is poured from 
the opening D. 3 

Iron, copper, and other metals may also be easily melted in 
the same manner ; but the fusion of those metals which become 





Fig. ıı. 
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voxidized in the presence of oxygen at a high temperature must be 
effected with an excess of hydrogen. 

Lead, which belongs to the most easily fusible of tne heavy 
metals, cannot be melted by a small flame, when in large plates, 
‚owing to its high conducting power for heat. In order to melt 
together air-tight the immense sheets of lead of which the 
ıchambers of the sulphuric acid works are constructed, the oxy- 
!hydrogen blowpipe is successfully employed. Only the high tem- 
| perature of this flame can suffice to melt tögether the edges of two 
ıthick plates of lead. 

The high temperature of a burning mixture of hydrogen and 
(oxygen is also used for the production of a brilliant light. The 
ımixed gases when ignited produce a hardly luminous flame ; but 
tthis flame can make solid infusible substances brought into it so 
|hot that they give out the most intense light. Quicklime is par- 
ıticularly adapted for this purpose ; it does not melt in the flame, 
but remains unchanged. The light which a piece of lime emits 
'when it is brought into the oxy-hydrogen flame, with suitable 
;arrangements, is so intense that it is used to illuminate large 
spaces at night, and is well adapted for signals—e.g. lighthouses, 
"This source of light, which is also used for magic-lanterns and 
other purposes, is called the Zöme-Light, or sometimes the Drum- 
‚mond-Light, after Drummond, who first brought it into use. 


The fourth of the questions previously asked (p. 20) remains 
'unanswered: What regularities do we observe on the union of 
!hydrogen and oxygen to form water? 

We have already learnt (p. 6) that on the electrolysis of water 
with two platinum plates as electrodes exactly two volumes of 
hydrogen are set free for every one volume of oxygen. This leads 
‘to the conclusion that, on the syaöhesis of water, hydrogen and 
(oxygen would unite inthe same proportion. Experiment has, in 
'fact, proved that if one volume of oxygen unites chemically with 
hydrogen, exactly two volumes of the latter gas are required, and 
that when an excess of either of the gases is employed, this excess 
remains behind unchanged. This regularity may be illustrated in 
\the following manner. 

An eudiometer of simple construction and sufficient for this ex- 
‚periment (fig. 12), is prepared from a glass tube of 14 centimetre 
internal diameter and 50 centimetres length. The upper end 
is closed, and two stout platinum wires are melted into it, of which 
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the ends are about 5 mm. from one another, and are connected 
together by a thin platinum wire. In order to cakörate this tube 
so that a number of equal volumes of gas may be marked outside, 
it is filled with water, inverted, 
and the air from a small mea- 
suring tube, about 5 mm. in 
diameter and 6 cm. in length, 
allowed toascend intoit. The 
eudiometer is next lowered in 
the cylinder (fig. 12) until the 
level of the water inside and 
outside the tube is the same, 
and then an india-rubber ring 
is slipped along the tube to 
mark the level of the water. 
After repeating this six or 
eight times, as many divisions 
of the tube are obtained, 
marked externally by the in- 
dia-rubber rings, which need 
not be moved from their po- 
sitions if the instrument is 
carefully handled. 

By means of this eudio- 
meter it may be easily shown 
that when equal volumes of hydrogen and oxygen are introduced 
into it and raised to their temperature of ignition, one half of the 
oxygen remains behind unchanged, while the other half combines 
with all the hydrogen to form water. 

The small measuring tube is filled with oxygen from a small 
flask containing the gas, which is closed with a cork and stands 
over water, and the gas is passed up into the eudiometer. The 
operation is repeated, and then two tubes full of hydrogen are 
passed up (fig. 13). In order to be quite sure that the mixture 
reaches to the fourth ring on the tube, the latter is transferred to 
the cylinder and lowered until the level ofthe water is the same in- 
side and outside the tube. 

The eudiometer is now closed with the thumb, and transferred 
to a small pan with water, for which an ordinary porcelain or glass 
mortar may be used, and firmly pressed with the hand on a thick 
piece of india-rubber at the bottom in order to prevent expulsion 
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of the gas on the explosion of the mixture (hg. 14). The ignition 
is brought about by connecting the two platinum wires at the end 





















































Fig. 13. 

























































































of the eudiometer with the wires from a battery of four or sis 
Bunsen’s cells. The electric current then heats the thin platinum 
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so strongly that it reaches the temperature of ignition of the mixed 
gases.' The combination is shown by a pale flash of light and a 
feeble, scarcely perceptible shaking of the tube. 

That a condensation has taken place owing to the union of the 
two gases to form liquid water, or, in other words, that a diminution 
of the volume of the gases has been produced, only becomes visi- 
ble when the eudiometer is slightly inclined and the india-rubber 
plate removed. The water then rises in the eudiometer, and when 
dipped in the cylinder reaches exactly to the first mark. 

Ofthe four volumes of gases three have, therefore, apparently 
disappeared. That the small remaining quantity of gas is oxygen 
may be easily seen by closing the eudiometer with the thumb; in- 
verting and plunging a glowing chip quickly into the gas, the chip 
at once catches fire. 

If an alteration is made in the experiment by taking hydrogen 
in excess—for example, by taking three volumes of hydrogen and 
one volume of oxygen—of these four volumes one volume would 
also remain behind after the explosion, and would now be hydrogen. 
That the remaining gas is really hydrogen may be readily proved 
by its inflammability. 

As will be easily understood, such experiments do not give 
exact nor even approximately exact results. The water over which 
the measurements are made always contains air which mixes with 
the other gases, and in apparatus constructed and managed in this 
way the influence of temperature and of pressure cannot be sufhi- 
ciently taken into account. But the experiments suffice to show 
all they are intended to—viz. the proportion by volume in which 
hydrogen and oxygen unite to form water. 

A further question which must also be mentioned here is, 
What space does the water gas occupy which is produced by the 
union of two volumes of hydrogen with one volume of oxygen, and 
in what proportion does the volume of the water gas stand to that 
of its components? Since water under the ordinary pressure of 
the air only becomes completely gaseous at 100°, the volume of 
the water gas must be measured at some temperature above 100°. 
Experiment teaches us that the volume of water gas, measured at 


1 Instead of connecting the two wires in the eudiometer with a thin one of 
platinum, we can leave the ends free without touching one another inside the 
tube. If we then connect the wires from the battery with an instrument called 
an induction coil and the wires from the coil with those of the eudiometer, 
sparks pass between these wires when the connections are completed. —EnD. 
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i temperature of about 150°, which is produced from two volumes 
of hydrogen and one volume of oxygen also at the same tempera- 
cure does not occupy three volumes as we might expect, but only 
two volumes. It follows, therefore, that when hydrogen and oxygen 
wnite to form water gas a condensation of the volume takes place 
iin the proportion of three to two. 

Since we know the relative densities of hydrogen and oxygen, 
iin what proportion by volume they combine with one another, and 
wwhat condensation is produced on combination, we can easily find 
tthe relative density of water gas. 

It has been proved that two volumes of hydrogen (weighing 
22 x 0'0692) combine with one volume of oxygen (weighing 1'1056) 
tto form two volumes of water gas, whence— 





2 vols. hydrogen weigh 2 x 0°0692 . ‚ ;  =OT364 
I „ oxygen. P 2 r j P . = rioso 
2 „ watergas . e ö i F : 12440 
i 1'2440 
sand, therefore, one volume of water gas weighs en 0'622,a 
= 


ınumber agreeing almost exactly with the experimental results of its 
specific gravity. 


COMBUSTION. 


We have scen that a number of bodies—sulphur, charcoal 
ıphosphorus, iron, hydrogen, &c.—when heated to their tempera- 
!ture of ignition, burn in oxygen, and that the products are always 
«compounds of the burnt bodies with oxygen. 

It may be asked, Isoxygen the only gas in which combustible 
:substances can burn ? or Do other bodies also possess this property? 

Experiment has long answered this question. 

Among other bodies which possess this property is the element 
«chlorine—a greenish-yellow gas—which, together with the metal 
:sodium, makes up common salt, and which may be easily obtained 
from this substance. If hydrogen is allowed to stream out of a 

small opening in a glass tube, is ignited in the air, and then 
\plunged into a jar of chlorine, the gas goes on burning, and the 
‘yellow colour of the chlorine gradually disappears. The flame of 
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the hydrogen burning in chlorine is not yellowish as when it burns 
in oxygen, but ofa greyish colour, and the product is not water but 
a gaseous compound of hydrogen and chlorine, possessing strongly 
acid properties, and called hydrochloric acid. 

This one experiment proves, and it might be confirmed by 
hundreds of others, that other substances as well as oxygen can 
support the combustion of burning bodies. 

The process of combustion in oxygen, which is by far the com- 
monest, is distinguished from combustion in other gases, and is 
called oxzdation. Sulphur, it is said, becomes oıxzdised or suffers 
oxidation when it burns in oxygen, or generally when it unites 
chemically with this substance. 

Combustion, and particularly that of wood, belongs to the phe- 
nomena of nature which were earliest noticed by man. The 
knowledge of this process is as old as the observation that the 
heavenly bodies move—movements which were, however, recog- 
nized and their investigation attempted thousands of years before 
it was known that the earth moves round the sun. Andthe process 
of combustion remained a secret to investigators even later. It was 
a century and a half after Galileo’s words, ‘e pur si muove,’ before 
this process wasfirst correctly explained by Lavoisier. The neces- 
sary prelude was the discovery of oxygen, which was closely 
followed by Lavoisier’s theory of cambustion. 

The history of the theories ofcombustion teaches us, if anything 
can, how mere philosophizing on natural phenomena, without an 
experimental basis, is a vain and useless undertaking. 

At the end of the seventeenth century, the celebrated German 
chemist Stahl put an end to the obscure and contradictory ideas of 
earlier centuries by his phlogiston theory. The known fact that wood 
when burnt on the hearth gradually disappears, and that something 
apparently leaves it with the flame, for only ashes remain behind, 
led Stahl to the hypothesis that wood and all combustible bodies 
must contain a volatile substance, which on their combustion is 
given off with the production of heat and often of light. This 
substance he called SAlogiston, and the process of combustion 
dephlogistication. Sulphur, phosphorus, or charcoal, when burnt, 
were said to be dephlogisticated or deprived of their phlogiston, 
and the solid product of the combustion of iron was dephlogisti- 
caterl iron. 

When metallic iron was obtained by heating dephlogisticated 
iron with charcoal, it was said that the dephlogisticated iron 
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came phlogisticated, or provided with phlogiston. Iron would 
«ccordingly be a more complex substance than the product 
btained on burning it. 

This hypothesis—the J/rlogiston theory—imparted such a 
iimple and satisfactory explanation to all the then known pheno- 
ena of combustion, that for more than half a century no one 
loubted its correctness. On the other hand, Stahl, as well as 
some of his contemporaries, had made observations which strongly 
contradicted the theory ; but no attention was then bestowed on 
!hem, and their importance was overlooked. 

It had been long observed by various chemists, and was not 
lliscovered by Lavoisier, that many metals on dephlogistication— 
.„e. on burning—increased in weight, notwithstanding that they 
(were supposed to lose phlogiston. That this loss of phlogiston 
yught not to produce an increase in weight, but a diminution, was 
aowever, considered of no importance. 

Only after the discovery of oxygen by Priestley and by Scheele 
did Lavoisier prove, by numerous new determinations, that bodies 
on combustion simply combine with oxygen, and that the increase 
in weight is the same as that of the oxygen consumed. 

This result, now so familiar to us, may be easily proved by a 
simple experiment. A small quantity of iron in the state of a fine 
owder is placed in a bulb-tube, and then accurately weighed. A 
stream of oxygen is now allowed to pass throuzsh the bulb-tube, 
nd the iron is at the same time heated ; suddenly the latter 
erins to glow, and this heating effect is transmitted through the 
ntire mass in consequence of the union of the iron and oxygen. 
If then the bulb-tube is again weighed, when perfectly cold, it will 
‘be found to have considerably increased in weight. The same 
nethod may also be employed in order to determine quantitatively 
how much oxygen is consumed by a known weight of iron. 

It may be here remarked that although iron may increase in 
wweight on combustion in oxygen, a piece of wood or a candle 
‘clearly diminishes in volume and weight when burnt. But in these 
cases appearances are deceptive. Chemists have determined not 
only that the substance of wax-candles increases in weight on 
"burning, but also that the products of combustion weigh more than 
‘four times as much as the wax consumed. This is not ordinarily 
‚perceived, as these products of combustion are volatile and 
‚invisible to the eye. 

That even a candle increases in weight on burning, or that the 
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products of combustion weigh more than the burnt wax 
easily be made visible by the apparatus shown in fig. 15. 


x, may 
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Fig. ı5. 





A glass cylinder (an ordinary Argand lamp cylinder), z, is placed 
above a cork, pierced with several holes, upon which a piece of a 
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ax-candle, about two inches long, is fastened. The candle is sur- 
rounded with a small piece of tinfoil, which receives any molten 
wwax running down. 

The upper end of the cylinder is connected with a bent wide 

lass tube d, by means of an india-rubber stopper, and made to fit 
ir-tight. In order to protect the stopper from the heated air 
ising from the flame, two perforated pieces of platinum foil are 
laced in the tube beneath it, care being taken that the perforations 
klo not coincide with one another. 
The vessels 2, c, d, e, which communicate with the cylinder a, 
serve partly to retain the products of combustion of the wax, which 
consists of carbon, hydrogen, and a smıall quantity of oxygen, and 
artlyto make these products visible to the eye. The tube 2 is 
empty, and receives a large portion of the water produced ; the 
small flask c contains clear lime-water, which becomes milky when 
sarbonic acid passes through it owing to the production of calcium 
sarbonate ; the tubes d’ and e are filled with pieces of caustic soda, 
which retain the remainder of the water and carbonic acid. A 
constant stream of air, which serves both to nıake the candle burn 
ind to pass the products of combustion through the vessels 2, c, «, 
„, is maintained by the Bunsen’s pump P, which is in communica- 
ion with these vessels by the india-rubber tubing supported at g. 

The various portions of the apparatus are fastened to the glass- 
od 2, 7, which is attached to one arm of an ordinary pair of scales, 
nd is then exactly balanced by weights placed in the panattached 
o the other arm. On opening the tap of the pump, no change 
sakes place in the equilibrium. The candle is now carefully with- 
Irawn, ignited, and again placed in the tube. 

After a short time the inner surface of the tube 5 becomes 
covered with moisture, and at the same time the lime-water in c 
ecomes turbid. And as the combustion proceeds, drops of water 
collect in the tube d, and the arm of the balance to which the ap- 
aratus is attached gradually sinks, until it rests on the foot of the 
strument. 

If the process is continued long enough to entirely consume the 
sandle, a considerable weight must be placed in the pan of the 
salance in order to again restore equilibrium, which is sufficient 
proof that the substance of the candle, the wax, when burnt to car- 
»onic acid and water, increases in weight. 


We are so accustomed to see the burning of wood, oil, sulphur, 
D 
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phosphorus, and other combustible bodies in the free atmosphere, 
that we are inclined at first to imagine that the burning bodies 
necessarily require a surrounding atmosphere rich inoxygen. This 
idea is also erroneous. If we drop a piece of phosphorus into a 
vessel of warm water, so that it melts, and then lead oxygen gas to 
it under the water in a slow stream, the phosphorus burns under 
the water, producing a considerable quantity of light andheat. The 
product is the same as when phosphorus burns in free air—viz. 
phosphoric acid. : 

For the conversion of phosphorus into phosphoric acid, the. 
presence of free gaseous oxygen is not even a necessary condition. 
In nitric acid we are’acquainted with a liquid chemical compound 
of nitrogen, rich in oxygen, which can be easily decomposed. If 
we heat a small piece of phosphorus in nitric acid, a portion of the 
oxygen of the latter body combines with the phosphorus without 
first assuming the gaseous state, and finally entirely oxidizes the 
phosphorus to phosphoric acid. 

Metallic tin—e.g. tinfoil—which, when heated in the air or in 
oxygen, is converted into a white substance (stannic oxide, or putty 
powder), suffers the same change when acted on by nitric acid. 

Charcoal may also be easily burnt by nitric acid to form car- 
bonic acid. If a small piece of charcoal is made red-hot at one 
end, and dipped into a flask containing fuming nitric acid, so that 
the glowing point just touches the liquid, energetic combustion 
takes place, with a large evolutien of light and heat. 

In the same manner as free oxygen gas and the loosely united 
oxygen of nitric acid can oxidize combustible bodies, solid sub- 
stances which contain their oxygen or a portion of it loosely com- 
bined may also be used for the same purpose. Powdered nitre—..e. 
potassium nitrate—when sprinkledonaglowing coal, causes the latter 
to burn brilliantlyto carbonic acid. Potassium chlorate acts in the 
same manner, and not only towards charcoal, but also towards 
other combustible bedies. If a small quantity of dry, powdered 
potassium chlorate is rubbed in a mortar with powdered sulphur 
(only very small quantities must be used), the heat produced by 
the rubbing is sufficient to cause a number of small explosions, 
depending upon the oxidation of the sulphur by a portion of the 
oxygen contained in the potassium chlorate ; explosive compounds 
of chlorine containing less oxygen are also produced at the same 
time. 

Ordinary combustions in oxygen are usually accompanied with 
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an evolution of light, and heat is always set free. In the case of 
some combustions, however, no light appears, and these are usually 
‚accompanied by less sensible heat. These processes of oxidation 
may be called slow combustion, in contradistinction to those pro- 
ducing light and sensible heat, called quick combustion. Phos- 
phorus, which when heated in the air to its temperature of ignition 
burns quickly and brilliantly to phosphoric acid, also becomes oxi- 
ı dized atthe ordinary temperature in the air, without any light being 
‘perceptibte in the daytime. T’he product of oxidation in this case is 
‚an oxıde containing less oxygen than phosphoric acid, and is called 
phosphorous acid. A piece of phosphorus, which when heated in 
‚the air undergoes quick oxidation and is converted into phosphoric 
;acid in a few minutes, requires as many months, or even longer, 
‘to be completely converted into phosphorous acid by slow com- 
"bustion. 

The continuous oxidation produced in the human body by 
iinspired oxygen belongs to those processes of slow combustion 
"which are unaccompanied by any evolution of light. The oxygen 
brought into the lungs by irspiration is taken up by the arterial 
!blood, and is so distributed to various parts of the body. It then 
oxidizes the various tissues of the body with which the blood comes 
iin contact, as well as portions of the blood itself, being converted 
iinto water and carbonic acid. "The latter substance is chiefly taken 
ıup by the venous blood and discharged from the lungs in the 
texpired air. That the expired air is rich in carbonic acid may be 
teasily shown by blowing through lime-water with a piece of glass 
ttubing; the clear liquid becomes milky, and deposits a white 
ssediment of calcium carbonate, 


We know that when hydrogen is allowed to stream from a jet 
into the air, and a burning body brought near, it catches fire and 
!burns ; but we might in vain attempt to ignite oxygen under the 
ssame conditions. Suppose, however, the earth were surrounded 
‚with an atmosphere of hydrogen, instead of with one of common 
sair, and that its inhabitants required hydrogen gas just as we do 
coxygen, how would oxygen behave if a jet of it were heated in 
this atmosphere of hydrogen ? Would it then also burn with a 
ame in the same manner as hydrogen in oxygen ? 

Experiment has answered this question in the affirmative. It 
mmay be easily shown that oxygen burns in hydrogen, just as hydro- 
gen in oxygen. If oxygen is allowed to flow slowly from a gas- 


n2 


Zn 
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ometer out ofa glass tube bent upwards, and a large inverted jar of 
hydrogen which has been previously ignited is placed over the jet, 
it will be seen that the oxygen catches fire and burns in the atmo- 
sphere of hydrogen with a pale flame, until all the latter gas is 
consumed. 

From this itis clear that the distinction between combustible 
bodies and supporters of combustion is not strietly scientific, and 
is as inexact as when we speak of therising and setting of the sun. 
We must consider the process of combustion in the wide meaning 
of the word as the chemical union of heterogenous bodies, and in 
the narrower meaning as an oxidation process, or the union of a 
substance with oxygen. 


The oxygen may be more or less easily again separated fronı 
the oxidized bodies. It is only necessary to heat the red oxide of 
mercury, oxide of silver, or the oxides of the other noble metals, in 
order to drive out the oxygen and to obtain the metal again. If 
we pass hydrogen overthe product of combustion of copper (black 
oxide of copper), and apply heat, the gas unites with the oxygen 
to form water, and metallic copper remains behind as a red powder. 
The powerful affinity which carbon has for oxygen at a red heat 
makes it well adapted for abstracting the oxygen from the oxides 
of those substances (e.g. phosphorus and iron), which possess strong 
affinities for oxygen. By means of glowing charcoal we can reduce 
phosphoric acid to phosphorus, and oxide of iron—e.g. the iron-ores 
employed in blast furnaces—to metallic iron. 

By the processes of reduction we produce exactly the opposite 
effect to those of combustion, or more correctly of oxidation 
generally. We understand by reduction not only the production of 
the elements from their oxygen compounds, but also their sepa- . 
ration from compounds with other substances. We reduce chloride 
of silver by separating the silver in some suitable manner from 
chlorine ; we reduce mercury from cinnabar (mercuric sulphide) by 
the removal of the sulphur, &c. 

Other reactions are also called processes of reduction, by which 
compounds of oxygen, sulphur, chlorine, &c., are converted into 
other compounds containing less of these last-named elements. 
We reduce the salts of ferric oxide to those of ferrous oxide, which 
contain less oxygen, cupric chloride to cuprous chloride, containing 
less chlorine, sulphuric acid to sulphurous acid. un 

In the same manner oxidation means not only the combination 
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of a substance with oxygen, but also the addition of more oxygen, 
sulphur, chlorine, &c., to compounds already containing these 
elements. We o.xrzdize the salts of ferrous oxide to those of ferric 
oxide, cuprous chloride to cupric chloride, sulphurous acid to sul- 
phuric acid, &c. 


THE LAWS OF CHEMICAL COMBINATION. 


We have seen that the union of hydrogen and oxygen to form 
water always takes place according to a definite proportion. Ex- 
actly two volumes of hydrogen always combine with exactly one 
volume of oxygen. Now since we know the specific gravity of the 
two gases, or that one volume of oxygen (sp. gr. = 1'106) weighs 16 
times as much as one volume of hydrogen (sp. gr. = 0'069), it follows 
that the quantity of oxygen (one volume) which unites with two 
volumes of hydrogen weighs 8 times as much as the hydrogen. 
From this, the percentage composition of water by weight may be 
easily calculated : 





2 vols. hydrogen ’ ; . .. =2x0'069 =0'138 
I „ oxygen ; . =17’106 
1244 


. If, then, .ris the weight of hydrogen and y the weight ofoxygen 
contained in 100 parts by weight of water, we get the following 
simple proportions : 


-_ 


244:0138::100:%, 
"244 : T'Io6 :: 100: y, 


which give x= 1111 and y=88'89, and hence 100 parts of water 
contain ! 


Hydrogen . : - . = IT parts. 
Oxygen . ’ ? B .. = 8889 „ 
Water j i B ; . = 100:00 


t2] 

This percentage composition of water, calculated from the pro- 
portions by volume in which hydrogen and oxygen unite with one 
another and from the specific gravities of the two gases, agrees 
exactly with innumerable analyses and syntheses of water which 
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have been made from time to time.! It has been further proved 
that pure water, whatever may be its source, whether obtained 
from ice, snow, or water vapour, or whether prepared artificially 
from its constituents, has always the same composition. 

A chemical compound containing oxygen and hydrogen, like 
water, but in some other proportion, is not water. We are 
acquainted with such a compound, called hydrogen peroxide, to 
which we shall refer lateron. This body contains only 59 per cent. 
of hydrogen, and 94'1 per cent. of oxygen. 

The composition of all the more accurately known chemical 
compounds has, like that of water, been carefully determined, and 
we know not only of what elements they consist, but also in what 
proportions they contain these elements. 

From these results of analytical chemistry two laws of extreme 
importance in discussing the regularities in the composition of 
chemical compounds have been deduced :— 

i. On the chemical union of two substances their original weight 
remains unchanged. 

ii. Every chemical compound contains the simple substances of 
which it is composed in one, and only one, proportion by weight. 

From this, however, it does not follow that two substances 
which contain the same simple substances in the same proportions 
are therefore identical. Numerous zZsomeric compounds exist, 
which, although they have the same elementary and percentage 
composition, possess different properties, and are quite different 
bodies.” 


1 One of the simplest methods for determining the composition of water by 
weight depends upon the fact that red-hot copper oxide is reduced in a stream 
of hydrogen to metallic copper, while its oxygen unites with the hydrogen to 
jorm water, If we collect this water by some compound which will absorb it 
(e.g. calcium chloride) and weigh the tube containing this substance before and 
after the experiment, we know the weight of water which has been formed. 
And if we also weigh the copper oxide before and after the experiment we find 
the weight of oxygen which has combined with the hydrogen to produce the 
known weight of water. It is then always found that ı00 parts by weight of 
water contain exactly 88'89 parts by weight of oxygen, the remaining ır'ıı 
Br being hydrogen. — ED. 

2 |somerie compounds, or those possessing the same percentage compoSI- 
tion, may be divided into two classes—viz. those which have the same mole- 
cular weight, but in which the atoms are ee arranged—e.g. propionic 


acid Ray ÖH’ and methyl acetate 160? "OCH,' called wmeiumeric com- 


pounds ; and those of which the molecular weight of the one is some multiple 
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The knowledge of the composition of the thousands of chemical 
compounds at present known to chemists would have been of little 
service to us had we been compelled to rest satisfied with this 
alone. But this knowledge serves as a foundation for determining 
and establishing the laws in which the elements combine with one 
another, and compounds with compounds. 

The lines 1.a, Il.a, Ill.a, in the accompanying table give the 
percentage composition of compounds of hydrogen, copper, lead, 
and thallium with oxygen, sulphur, and chlorine .respectively. 
The merest glance at these numbers shows that they are very 
different froın one another, and that no apparent regularity exists 
between them. The only regularity which occurs in these three 
lines is that copper unites with less oxygen, sulphur, or chlorine 
than hydrogen, lead with still less, and thallium least of all. This 
is made more manifest in the lines 1.2, 11.6, I1l.ö, in which are 
stated the relative weights of hydrogen, copper, lead, and thal- 
lium, which unite with 100 parts of oxygen, sulphur, and chlorine 
respectively. But the numbers in line I.d: ı12'5, 396'25, 1293'7, 
2550'0, which are in the proportion I : 31'7 : 103'5 : 204, have still 
no simple relation to one another. If, however, we compare this 
proportion with that in which the same four elements unite with 
equal weights of sulphur (100 parts), we see from line I1.d that this 


. proportion is the same, for, dividing 625, 198'12, 646'8, .1275'3 


by 625, we get as before 1: 31'7: 103'5: 204; and further, the 
ratio in which the four elements unite with chlorine (lines 111.2, 
111. c) is also the same. 

Here, then, we at once perceive definite regularities which may 
be formulated in the following statement !— 

The same proportional weights of hydrogen, copper, lead, and 
thallium always unite with one definite weight of oxygen, sulphur, 
or chlorine. 

These elements do not, however, occupy any exceptional posi- 
tion, and all that has been said for their combining proportions 
holds also for all the others. We thus obtain the following general 
law :— 

The proportion in which two bodies (A and B) combine wilh a 
third (C) is also the proportion in which they unite with all other 
bodies as well as with one another. 


of that of theothers—e.g. ethylene (CH) and propylene (C3;H,), called folymerzc 
compounds. Examples of these compounds are more common In organic than 
in inorganic chemistry.—ED. 
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Thus, from the accompanying table, we see that the weight of 
hlorine (355 parts) which unites chemically with ı part of 
aydrogen is the same as that which unites with 317 parts of 
opper, 103'5 parts of lead, or 204 parts of thallium. And, again, 
hat the same relative quantities of hydrogen, copper, &c., which 
ınite with 35°5 parts of chlorine combine also with ı6 parts of 
wulphur or with 8 parts of oxygen. 

We have thus obtained the following numbers for these ele- 
ents, which represent the relative weights in which they combine 
vith one another and with other elements :— 


Hydrogen 5 z h ö ; ; 1°0 
Oxygen . ; f j ; j . So 
Sulphur . : j R F i .- .T@t0 
Chlorine . . i i 4 P „1° 385 
Copper . E ’ ö R i , a0 
Lead r 5 : . j E . 1035 
Thallium . i 5 . . . .. 2040 


Again, suppose we wish to discover in what proportions 
thlorine and oxygen unite with one another, it is sufficient to 
know the proportions in which they combine with a third body. 
We see from the preceding table that 103°5 parts of lead combine 
vith 8 parts of oxygen or 35°5 parts of chlorine. The proportion 
} of oxygen to 35°5 of chlorine is therefore that in which these two 
!lements unite with one another. Hypochlorous anhydride con- 
sains exactly 8 parts of oxygen united with 35'5 parts of chlorine. 

In this manner the number representing the quantity of any 
dther element which combines with ı part of hydrogen, 8 parts of 
axygen, 35°5 parts of chlorine, &c., may be easily obtained. 

If we wish to find this number for the metal sodium, and know 
hat the percentage composition of its compound with chlorine 
common salt) is: 





Sodium j ; } , e : 39'32 
Chlorine E j i ? i E 60:68 
100 00 


ve need then only calculate the quantity of sodium which would 
sombine with 35'5 parts of chlorine. This we find to be 23 from 
Ihe proportion : 60°68 ! 39'32::35°5 : 2, and this number, therefore, 
»xpresses the weight of sodium which combines with ı part of 
ıydrogen, 8 parts of oxygen, 16 of sulphur, &c. 

The relative weights in which bodies combine with one another, 


a a 
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and in which they displace one another from their compounds, are 
called their egwiwvalent weights: 317 parts of copper, or 103'5 
parts of lead always combine with 8 parts of oxygen, 16 of 
sulphur, or 35°5 of chlorine. If ina compound of 35'5 parts of 
chlorine and 103'°5 parts of lead, the lead were displaced by 
some other substance—e.g. copper or hydrogen—the quantity 
of this substance required would not be the same as the lead 
displaced, but 31°7 parts of copper, or ı part of hydrogen, would 
be necessary. In these compounds ı part of hydrogen has 
the same effect as 31°7 parts of copper or 103°5 parts of lead, and 
these elements, therefore, displace one another in their compounds 
not in equal but in equivalent weights. 

In order to displace 35°5 parts of chlorine from its compound 
with ı part of hydrogen or with 204 parts of thallium by iodine, 
127 parts of the latter body are required. On the other hand, to 
displace the 204 parts of thallium by hydrogen, only ı part is 
necessary. Finally, if in the compound called copper sulphide, 
consisting of 16 parts of sulphur united with 31°7 parts of copper, 
silver be substituted for copper, it is found that 16 parts of sulphur 
unite with 108 parts of the forıner metal. 





THE LAW OF MULTIPLE PROPORTIONS. 


The number of chemical compounds would be very limited if 
the elements could only combine with one another in one single 
proportion. Experiment has, however, shown that most of the 
elements can unite with other elements in more than one propor- 
tion, many even in five different proportions, thus producing com- 
pounds which are usually very different from one another. 

In such cases, however, the relative quantities of the two ele- 
ments combining together are always some multiple of their 
equivalent weight by small whole numbers. As an example of 
this may be instanced the five compounds of nitrogen and oxygen, 
nitrous oxide, nitric oxide, nitrous anhydride, nitric peroxide, and 
nitric anhydride. 

These compounds contain their constituents in the following 
proportions by weight. 
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Nitrogen, Oxygen, Parts 
parts parts 

Nitrous oxide . r 5 138 8 
Nitric oxide ; r a! 16 =8x2 
Nitrous anhydride . Rs: y.! 24 =8%23 
Nitrie peroxide . ; Re 32 =8x4 
Nitric anhydride F . 14 40 8x5 


com which it is at once seen that the quantities of oxygen united 
th one equivalent of nitrogen (14 parts) are multiples of its 
wivalent weight by the simple integers1!2:3:4:5. 

In the sanıe manner one and the same quantity of iron unites 
th two different quantities of chlorine which are to one another 
the proportion 2:3. 

These and innumerable other results form the experimental 
ssis ofthe Zaw of Multiple Proportions, which may be expressed 
tfollows :— 

The elements unite either in their equivalent weights or in 
mple multiples of their eguivalent weights. 

The law likewise holds for compounds as well as elements; 
aen the former combine to form more complex compounds they 
so either in their equivalents or in simple multiples of their 
ivalents. The statement of this law is due to Dalton : it is 
Ily about seventy years old. Dalton first published his theory in 
tail in the year 1808, at a time when exact chemical investigation 
ss largely carried on in England, France, and Sweden, but when 
: leading chemists in Germany, following an erroneous path in 
tural philosophy without any real foundation of fact, long 
ssted their powers in worthless speculation. 

The theories of Dalton and his conclusions derived from the 
v of multiple proportions were, however, more permanent and 
‚itful. 


THE LAW OF VOLUMES. 


Not only is there a simple relation between the wezgkts in 
ich the elements combine together chemically, but for elements 
the gaseous state there is also a simple relation between the 


! The Editor is responsible for this statement of Gay-Lussac's law. 
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volumes of the constituents and of the compound, if gaseous, which 
is produced. 

It will be remembered that when hydrogen gas and oxygen gas 
unite with one another chemically, they always do so in the pro- 
portion of two volumes of the former to one volume of the latter, 
and the volume of the water vapour produced (above 100°) is 
always two volumes. Further, one volume of hydrogen gas always 
unites with exactly one volume of chlorine gas, producing exactly 
two volumes of the gaseous compound called hydrochloric acid. 

These may serve as examples of a general important law—the 
law of volumes— which may be formulated as follows :— 

The volumes of two gases uniting chemically with one another 
are always in some simple proportion, and the volume of the 
compound produced, when gaseous, is also always in some simple 
Proportion to those of its constituents. This law also holds for 
compound as well as for elementary gases. We owe its discovery 
to the celebrated French chemist Gay-Lussac, after whom it is 
often called. 





THE ATOMIC THEORY AND CHEMICAL VALENCY 
OR ATOMICITY. 


The stability with which two elements remain combined after 
their chemical union, the impossibility to again recognize in water, 
for example, any property of either of its components, and again to 
break up water by any mechanical means into hydrogen and 
oxygen, led to the idea that on the chemical combination of two 
bodies a penetration of matter and a similar coalescence occurred 
as that when a mixture of copper and zinc are melted together to 
form brass. In such alloys neither of the constituents can be dis- 
tinguished or separated by mechanical means. It is impossible, 
even with the most powerful microscope, to perceive the coppe 
and zinc in brass, or the gold in gold amalgam. Still, these alloy 
are not generally considered as chemical compounds, because th 
metals of which they are composed generally unite in almost an 
proportion, while the combination of bodies to form real chemic 
compounds always takes place in certain definite proportions. 

If we melt together copper and zinc in those proportions b 
weight in which they both unite with oxygen, sulphur, chlorine, &c. 
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:2,e. in their equivalent weights, an alloy is produced which might 
: considered as a chemical compound ; but such an alloy is also 
voduced when we employ a little more or a little less copper or 
ıc than exactly corresponds to their equivalent weights. In no 
«se does either copper or zinc remain behind unchanged, so that 
® can separate it from the compound. 

But it is otherwise with real chemical compounds. As the 
eetals may be fused together in any proportion, so may hydrogen 
ad oxygen be intimately mixed in all proportions. But if we 
kansform this mechanical mixture of the two gases into their 
wemical compound—viz. water, we know that the smallest 
aantity of hydrogen or oxygen present in the mixture above the 
quivalent proportion remains behind uncombined and unchanged. 

If the chemical union of two substances depended upon an 
ttimate coalescence and penetration of the two bodies, it would 
> difficult to understand why combination only occurs in certain 
>finite proportions by weight, and it would be incomprehensible 
aat, when it does occur in different proportions, this only happens 
er saltum, in simple multiple proportions. 

Dalton’s atomic theory affords a simple and satisfactory ex- 
danation of these results. 

We believe, as Dalton did, that the substances which cOMpose 
ıemical compounds are not capable of indefinite division, but 
aat they consist of particles, which cannot be further divided, 
tther by physical or by chemical means. These particles are 
aerefore called afoms. We imagine that chemical combination is 
roduced by the attraction and juxtaposition of the atoms. The 
ıore firmly the atoms are united together, the stronger must be 
ae force by which the combination is produced and maintained. 
"his chemical force of attraction is quite different from any other 
hysical force. It differs, for example, from the force of gravity, 
"hich acts through great distances, by which the earth is attracted 
» the sun, and a falling stone to the earth ; it differs also from the 
arces of cohesion and adhesion. Chemical attraction never acts 
‘t a distance, like gravity, but requires immediate contact of the 
vo bodies, just as the passage of an electric current requires the 
jirect contact of the conducting bodies. Chemical attraction, as 
ce have scen (p. 5), differs also from cohesion, by producing a 
waterial change in the bodies upon which it acts. 
The chemical force which resides in the 


atoms, called chemical? 
Minity or attraction, is evidently re 


lated to the force of electricity. 
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Many chemical processes are produced by electricity—combina- 
tions as well as decompositions. In the electrolysis of water, the 
hydrogen atoms are set free at the negative pole, and the oxygen 
atoms at the positive pole. And since bodies charged with oppo- 
site kinds of electricity attract one another, the conclusion might 
be drawn that the hydrogen which passes to the negative pole is 
charged with positive electricity and the oxygen with negative. 

In the same manner, on the electrolysis of metallic salts, the 
metals are liberated at the negative pole, and the acids or haloid 
constituents at the positive pole. 

From these and other similar results, it was thought that the 
atoms were charged in different degrees with positive or negative 
electricity, and that the combination of two heterogeneous atoms 
was caused by the attraction of the different electricities:: this 
was the fundamental idea in the electro-chemical theory. 

But this theory leaves so many phenomena unexplained, and 
even contradicts many chemical reactions, that we do not at pre- 
sent employ it, although the existence of near relations between 
chemical and electrical forces cannot be denied. The fact which 
particularly contradicts the theory is, that the atoms of one and 
the same element, which were supposed by the theory to be 
charged with the same kind of electricity, attract one another and 
one generally form very stable compounds. 

We content ourselves with the hypothesis that a force produc- 
ing chemical phenomena resides in the elementary atoms, and 
that the atoms of the elements, according to their nature, offer 
one or more points of attraction to other atoms. 

When the atoms of heterogeneous elements attract one another 
by the forces present in them, and form a chemical compound, the 
number of the atoms of the one element which can be attracted 
by one atom of the other element is always limited, and, as we may, 
imagine, depends upon the number of points of attraction which 
the atoms possess. This number is different with different elements. 

We know that when hydrogen and chlorine unite with one 
another chemically they always do so in oze definite proportion. 
From this and other results we conclude that the atom of hydrogen 
only offers one point of attraction to that of chlorine and to thos 
of other elements. 

The result that when hydrogen unites with oxygen to form 
water twice as much of the former gas is required as when i 
unites with chlorine leads to the conclusion that the atom of oxygen 
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vossesses /wo points of attractıon with which it secures the two 
ttoms of hydrogen. 

When carbon unites with hydrogen to form marsh gas and with 
xygen to form carbonic acid, the carbon atom does not fix the same 
umber of atoms of the two substances. The atom of carbon, as 
rroved from the composition of innumerable compounds, possesses 
wur points of attraction for the atoms of other elements, and 
ıerefore requires four atoms of hydrogen for saturation and only 
wo of oxygen, which offer, not one, but two points of attraction to 
tther atoms. 

Two atoms of oxygen thus play the same part, in combination 
‚ith one atom of carbon and with all other elements, as four 
ttoms of hydrogen ; or, what is the same thing, one atom of 
ıxygen has the same value or valency as two atoms of hydrogen. 
Those elements of which the atoms, like those of hydrogen, 
ly possess one point of attraction are called monrads (mono- 
aalent or monatomic), those with two points of attraction dyads 
livalent or diatomic), those with three /rzads (trivalent or tri- 
ttomic), those with four /e/rads (tetravalent or tetratomie), &c. 
To elementary atom appears to possess more than seven or eight 
coints of attraction, and, as we have remarked, the number of 
ttoms of an element which can be fixed by one elementary atom 
, therefore, limited. 

Although there are some organic compounds which contain 
veral dozen atoms united with one another, we know how to 
ssolve these apparently complicated proportions into others more 
imple, resembling the inorganic compounds. 

The power of the elements to fix a certain number of the atoms 
ff other elements is called their a/omicitv or valency, and we say 
at the atomicity of hydrogen is ore, that of oxygen /wo, and that 
ff carbon /wo or four. Every element possesses a definite 
rreatest atomicity, or, in other words, a certain maximum number 
'f points of attraction of its atom for other atoms. But the atoms 
!f those elements possessing higher atomicity do not always exert 
zeir full power. Sulphur, of which the maximum atomicity is six, 
ind which occurs as a hexad element in sulphuric acid, plays the 
art ofa tetrad in sulphurous acid, and of a dyad in sulphuretted 
\ydrogen. 

We imagine that when all the points of attraction of an atom 
re not active they are in a state of rest, or that they are latent, 
ıntil aroused by some new chemical action. Two of the points of 
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attraction of nitrogen, the atom of which is pentad in ammonium 
chloride, are latent in ammonia, in which this element plays the 
part ofa triad. The addition of hydrochloric acid, or indeed of 
any acid, to the ammonia suffices to awaken these two latent 
points of attraction and to convert the compound of triad nitrogen 
into one of the pentad element. 

In other cases the action of heat or light is also necessary to 
make the latent points of attraction active. The four points of 
attraction of the atom of carbon, of which in the compound with 
oxygen called carbonic oxide only two are saturated, obtain their full 
value by combination with oxygen to form carbonic acid at a high 
temperature, or by combination with chlorine, producing phosgene 
gas under the influence of direct sunlight. 

We say that sulphur plays the part of a dyad element, or, more 
briefly, that it is a dyad in sulphuretted hydrogen, that it is a 
tetrad in sulphurous acid, and a hexad in sulphuric acid ; and we 
speak of dyad carbon in carbonic oxide, of triad nitrogen in 
ammonia without touching the question of what may be the 
highest atomicity of these elements. We simply pay regard to tlıe 
results of experiment, according to which the elements unite with 
one another in certain multiple proportions. 


The chemical compounds which are produced by the union of 
the atoms are mechanically indivisible, but can be decomposed 
into their constituents by chemical forces. The smallest quan- 
tity of a chemical compound which can exist in the free state is 
called a mzolecule. By a molecule of water we mean the compound 
oftwo atoms of hydrogen with one atom of oxygen ; by a molecule 
of carbonic acid, the compound of one atom of carbon with two 
atoms of oxygen. 

The molecules of water, carbonic acid, iron sulphide, &c., are 
just as little perceptible or visible as the atoms. What we call 
water is an agglomeration of water molecules, and in the same 
manner the gaseous or solid carbonic acid collected in a vessel 
consists of a large number of carbonic acid molecules. 

The question may here be asked, Are the elements as we know 
them—e.g. ordinary hydrogen gas or solid sulphur—agglomerates of 
their respective atoms? Not long ago this was thought so; we 
now know that the atoms of the elements can combine not only 
with the atoms of other elements, but also with themselves. 





When atoms of hydrogen are set free from a chemical com-7 


5 


- 
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und, and when no other substance is presented to them for 
1ich they possess a stronger affınity, they unite with one another 
‘form molecules of hydrogen. By the chemical union of two 
»oms of hydrogen a molecule is produced, and in the same manner 
rmolecule of oxygen consists of two atoms of this element, a 
wlecule of nitrogen of two atoms, &c.! In the molecules pro- 
cced by the union of the atoms of the same element, the homo- 
mmeous atoms are not bound together with less, but often indeed 
tth greater, affınity than in the compounds of heterogeneous 
ements. For example, the molecule of nitrogen is amuch more 
\ble compound of the two atoms of the element than the com- 
uunds of nitrogen with oxygen, or with hydrogen or chlorine. 
Molecules of the same substance never exercise chemical ac- 
in upon one another. Chemical combination or decomposition 
vays occurs between the constituents of the molecules of dif- 
eent bodies. Two molecules of hydrogen act upon one another 
little as do two molecules of chlorine, but if hydrogen and 
\lorine are mixed, and exposed to the action of lisht or heat, a 
composition of the molecules of both elements ensues, with the 
ıntual exchange of the atoms of each. Two molecules of hydro- 
\loric acid are produced from one molecule of hydrogen and one 
chlorine. And although in this case, as in all others, it appears 
!be the molecules which act upon one another, it is in reality the 
»ms which unite with one another, and which are separated from 
»lecular combination at the moment when the reaction com- 
ences. 


We know from experiment that the elements at the moment of 
eir liberation from a compound act more energetically upon sub- 
ances with which they come in contact than in their ordinary 
"olecular) condition. Hydrogen and sulphurous acid in the dıy 
ıte or in the presence of water have no action at all upon one 


'1 Different molecules may exist of those elements which have a higher 
»mieity. It is possible that, besides the molecule ofnitrogen. which perhaps 
äsists of the two atoms of triad nitrogen united by their three points of 
raction, a second kind of nitrogen molecule may exist in which the two 
ms are united together by five points of attraction. Up to the present we 
\y know one kind of nitrogen ; but phosphorus, sulphur, charcoal, and other 
ments exist in different forms or modifications. It is possible that the 
inary phosphorus, which is so easily ignited, owes its difference from the red 
orphous phosphorus, a body endued with much less chemical affinity, to 
ae such cause, 
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another, but if we add sulphurous acid to a mixture of zinc and 
sulphuric acid, which evolves hydrogen, the hydrogen at the 
moment when it is set free (in the »ascen? state) exercises a 
chemical action upon the sulphurous acid: it separates the mole- 
-cules of this compound, uniting with the sulphur to form sulphu 
retted hydrogen, and with the oxygen to form water. 

We explain this and all similar phenomena by the hypothesis‘ 
that inthe »ascen? state the atoms, not the molecules, exert the 
chemical action, and that the atoms, with their entire force, natu- 
rally produce chemical changes which the elements in their mole- 
cular state—after the elementary atoms have united together— 


cannot effect. 





AVOGADRO’S LAW.! 


We have here to refer to a very remarkable law concerning th 
number of molecules contained in different gaseous substances. 
This law, which is proved from the physical properties of gase 
may be thus stated :— 

Equal volumes of all gases, both elementary and compound, whe. 
under the same physical conditions—t.e: at the same temperalure an 
under the same pressure—conlain an equal number of molecules. 

It follows from this that molecular weights of all gases mus 
occupy equal volumes when under the same conditions, Or, 
other words, that their molecular weights must be in the same pr 
portion as their densities. If, then, we know the density of a ga 
or vapour, whether simple or compound, we can at once find it 
molecular weight, and conversely, if we know its molecular weighi 
its density may be easily calculated. 

The molecular weight of hydrogen, which consists of two atom 
and has therefore the relative weight 2, is taken as the norm 
volume, and is said to occupy two volumes. The molecular weigh 
of every other gaseous substance will therefore also occupy tw 
volumes under the same physical conditions, and to this law ther 
are very few exceptions. The molecular weight of oxygen is 16 x 
and this gas should therefore be 16 times as heavy as hydroge 
which agrees with experiment (sp. gr. of hydrogen = 0'0692 ; SP. 
of oxygen = 1'1056 = 16 x 0'0692). Similarly, the molecular weigh 


per 


1 Introduced by the Editor. 
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f water, consisting of two atoms of hydrogen and one of oxygen, 


2x 1+16=18, whence water gas should be Li =gtimesasheavy 
2 


ss hydrogen ; and, finally, the molecular weight of hydrochloric 
(id, consisting of one atom of hydrogen and one of chlorine, is 


++ 35°5=36'5, the gas should therefore be 365 = 18'25 times as 


savy as hydrogen. These and innumerable other results also 
zree closely with experimental determinations. 

Further, the weight of a litre of hydrogen being known 
"0895 gramme at o° and 760 mm.), we can easily find the weight 
"a litre of any other gas at the normal temperature and pressure, 
covided we are acquainted with its molecular weight. Thus 
ae weight of a litre of oxygen under normal conditions is 


2 


3 „18 
0895 x — = 1'432 gramme ; of water-gas, 0'0895 x z = 0'806 





i ö ab°z 
camme ; of hydrochloric acid gas, 00895 x 2>— = 1'633 gramme, 
2 


The densities of gases and vapours are usually compared with 
sat of air as a standard—z.e. the density of air is taken as unity. 
ı order to find from these densities the various molecular weights 
e must multiply by 14°44, which is the relative density of air com- 


ared with hydrogen ( ) and again by 2, because this is the 


I 
0:0692 
oolecular weight of hydrogen. In other words, we multiply by 
“88. The density of water gas, for example, is 0'622, and its 
polecular weight 0'622 x 28°88 = 17°96, or very nearly the same as 


; theoretical molecular weight (18).! 





CHEMICAL AFFINITY AND UPON WHAT IT 
DEPENDS. 


"Ihe chemical force of attraction (affınity) which resides in the 
Ihoams of the elements is of different strength. For example, the 
finity of potassium for chlorine is so much greater than it is for 
(line, that if chlorine is led into a solution of potassium iodıde 


1 For a more detailed account of Avogadro's law, the student is referred to 
: Appendix. — ID. 
E2 
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the chlorine unites with the potassium, and all the iodine is set 
free. In the same manner, the affinity of iron for chlorine is so 
much greater than that of copper, that if a bright rod of iron is 
placed in a solution of copper chloride, it becomes at once covered 
with a coating of metallic copper, and at last all the copper is 
separated out from the compound in the metallic form, while an 
equivalent quantity of iron unites with the chlorine which was pre- 
viously combined with the copper. 

But, it may be asked, Zow much greater is the affınity of 
potassium for chlorine than for iodine, or of chlorine for iron than 
for copper? And it might be thought that the experimental answers 
to such questions ought not to be more difficult than the measure- 
ment of the force of gravity, the strength of an electric current, and 
other physical forces. But chemistry is in this respect far behind 
physics, and not only because chemistry is a younger science, but 
also because chemical affinity is largely influenced by a number o 
important conditions which often occur together—by temperature, 
light, electricity, state of aggregation, quantity, &c., and which 
often cause a powerful affınity to be weakened, and a weak affınity 
ıto be strengthened. Some examples of this may serve to show how 
difficult it is to determine the force of these oft-changing chemica 
‚affınities. 


Influence of Temperature on Chemical Afinity. 


At the ordinary temperature, mercury and oxygen do no 
‚possess sufficient affinity to combine with one another, ner is thei 
affinity strong enough to produce this change at the boiling-poin! 
‚of water ; but at a temperature of about 300° they unite chemical 
with one another, and form red oxide of mercury. This compoun 
is, however, again decomposed into its constituents at a slight 
higher temperature (under 400°). At 400°mercury and oxygen ha 
as little affınity for one another as at the ordinary temperatur 
The metal potassium, when moderately heated in a stream of ca 
bonic acid gas, abstracts the oxygen from this compound to for 
an oxide, and then a carbonate, charcoal being separated. But 
potassium carbonate is heated with charcoal up to bright rednes 
the affinity of the charcoal for the oxygen becomes greater th 
that ofithe metal for the same. element, and the potassium is agai 
set free. Charcoal, which at the ordinary temperature has a ve 
weak affınity for oxygen, obtains the most powerful affınity for thi 
element at a red heat. 
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Influence of Light on Chemical A finity. 


A mixture of about equal volumes of hydrogen and chlorine, 
nen quite excluded from the light, remains unchanged, and from 
is we conclude that the atoms of these elements in their molecules 
‚ not possess sufficient affınityto combine with one another. But 
the mixture is exposed to light,the combination of the two gases, 
coducing hydrochloric acid, goes on the more quickly the more 
cense the light. It is, further, principally the violet rays of light 
ich produce this chemical change ; and these rays are therefore 
led the chewuzcally active (actinic) rays. 1f the mixture contains 
rre hydrogen and pure chlorine in exactly equal volumes, diffused 
ylight produces instantaneous combination. Light is thus able 
‚awaken the affinity of hydrogen and chlorine for one another, 
id so to cause them to combine. Onthe other hand, stable com- 
unds—e.g. those of silver with chlorine or bromine—are some- 
nes decomposed by light. We thus see that light also can cause 
th chemical combination and decomposition. 

















nfluence of the State of Aggregation and of Ouantity (Mass) 
. ss & _ 8, \ ) 
on Chemical Afinity. 


Potash has a stronger affinity for sulphuric acid than lime, and 
}phuric acid has a stronger affınity for bases than acetic acid ; 
(t notwithstanding this, if we mix a solution of potassium sulphate 
Ih one of calcium acetate, calcium sulphate separates out and 
tassium acetate remains in solution. Inthis case it is the insolu- 
jity of calcium sulphate (which is nearly insoluble in water) that 
uses the stronger acid (sulphuric acid) to separate itself from the 
vonger base—potash—ard to unite with the lime, 

In the same manner, the quantities or masses of different bodies 
ting upon one anotheralso influence chemical changes. Sulphuric 
id has a much stronger affiınity for metallic oxides than hydro- 
\loric acid, still the latter can partially displace the former in 
lutions of the sulphates, and the more completely the more it is 
texcess, If, for example, strong hydrochloric acid in considerable 
antity is added to the blue aqueous solution of copper sulphate, 
ee sulphuric acid is obtained with copper chloride, the latter 
ing easily recognized by the green colour which the blue solution 
adually acquires. 


These examples suflice to show that the force of chemica 
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affınity residing in the atoms of the element is difficult to measure, 
since it is influenced and changed in very various ways by other 
secondary forces and conditions. Before we are in a position to 
measure accurately the strength of these secondary forces, even 
when several act together, we shall not be in a position to predict 
accurately and to calculate mathematically what would be the re- 
sult when substances, acting chemically upon one another, are 
brought into contact under different conditions ; although this is 
always the ultimate goal of all chemical investigation. 

But as long as we remain far distant from this end, as at present, 
chemistry isa science in which mathematical calculations can be 
little used.' 


CHEMICAL NOMENCLATUÜRE. 


The impossibility of inventing empirical names for many 
thousand chemical compounds has been long admitted, and at 
an early date it was proposed to form the names so that everyone 
might easily understand the nature of any particular compound, 
and to what class it belonged, by the name given to it. 

But besides these rational designations, other empirical names, 
which come to us with the authority of age, and which also possess 
the merit of being shorter, are still employed, especially by those 
unacquainted with the principles of chemistry. The chemist 
occasionally makes use of thenames : soda, potash, Glauber’s salts, 
lunar caustic, &c., although in inorganic chemistry such names are 
but little employed. In organic chemistry, on the other hand, 
where we have to refer to whole classes of bodies, of whose chemical 
composition we know but little, as sugar, starch, the glucosides, 
&c., we must content ourselves for the present with the empirical 
names. 

! Other things being equal, the strength of the affinity which causes two 
substances to unite with one another is proportional to the quantity of heat 
set free on their combination. The quantity of heat evolved when a molecule 
of any compound is produced under the same physical conditions is always the 
same, and if certain changes are possible among a system of bodies, that 
change will take place which produces the greatest amount ofheat. Thus, if 
two elements, A and B, are mixed with a third, C, with which each can unite 
directly, combination will take place between those two which liberate the 
greater quantity of heat on their union, —ED, 
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The compounds produced by the union of the elements, and of 
these compounds again combined together, mostly belong to three 
classes—bdases, acids, and salts. The compounds of oxygen with the 
other elements, the most numerous of all, are called oazdes ; in the 
same manner, those of sulphur are sw/phzdes, those of chlorine are 
chlorides, of bromine bromides, &c. 

The oxides may be divided into two great classes—basic oxzdes 
and acid oxides ; those not belonging to either of these classes are 
mostly indifferent compounds. 

Those oxides which have a basic character—z.e. which combine 
with acids to form salts—may be called the oxides proper, and 
their name is built up from the name of the element with which 
the oxygen is combined. Thus we say potassium oxide, zinc 
oxide, &c. 

In some cases we are acquainted with Zwo basic oxides of an 
element. We know, for example, two basic oxides of copper, iron, 
mercury, and other metals. In order to clearly distinguish these 
from one another, the termination of tke metal is changed: the 
termination -zcisadded to the metal to indicate the compound con- 
taining the greater quantity of oxygen, and the termination -os to 
indicate the compound containing the smaller quantity of oxygen. 
Thus we say mercuric oxide and mercurous oxide. In cases where 
these terminations when added to the name of the metal would be 
harsh, the Latin name of the metal is employed : we say, for 
example, ferric oxide and ferrous oxide for the two oxides of iron, 
cupric oxide and cuprous oxide for those ofcopper, &c. 

Those basic oxides, as ferric oxide, chromic oxide, which contain 
the atoms of the metal, and oxygen in the proportion of two to three, 
are often called sesgur-oxides, or one-and-a-half oxides. 

Oxides of the metals, which possess neither acid nor basic 
character, and which contain more oxygen than the basic oxide, 
are called Jeroxides. We are acquainted, for example, with man- 
ganese peroxide, lead peroxide, &c. They give up the excess 
of oxygen which they contain when heated with strong acids. 

Suboxides, of which the number is very small, are those indif- 
ferent oxides of the metals which contain less oxygen than the 
basic oxides. On treatment with acids they yield the metal and 
the basic oxide, which is richer in oxygen. Such an oxide is lead 
suboxide. 

The oxygen compounds which are said to have an acid charac- 
ter, and are sometimes called acids, are those which unite with 
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bases to form the ordinary or oxygen salts. They form with water 
the true oxy-acids, and are called anhydrides. Thenames are built 
up in the same way as those of the oxides, except that the termi- 
nation -Zc is always added if there be only one compound of the 
element with oxygen. 'hus, the single oxide of carbon of an acid 
character is called carbonic anhydride. 

We further distinguish between those anhydrides of the same 
element which contain different quantities of oxygen by the same 
terminations as are used for the oxides (-zc and -oxs) ; for example, 
the two anhydrides of sulphur are sulphuric anhydride and sul- 
phurous anhydride ; of nitrogen, nitric anhydride and nitrous 
anhydride. 

Some elements—e.g. chlorine—are capable of forming a larger 
number of oxides with acid characteristics. These are distinguished 
by the prefixes Zer- and Ayfo-. The oxide which contains more 
oxygen than chloric anhydride is called perchloric anhydride, that 
which contains less than chlorous anhydride is called hypochlorous 
anhydride. 

The oxy-salts are named from the bases and acids of which 
they consist. Salts formed from acids with the termination -ze, 
have the termination -afe, while those from acids with the termina- 
tion -ows end in -zfe. For example, potassium sulphate is the com- 
pound of potassium oxide and sulphuric acid ; cupric nitrate, of 
cupric oxide and nitric acid ; mercurous nitrite, of mercurous oxide 
and nitrous acid. 

The name hydrate includes two classes of bodies: the acid 
hydrates (the oxy- or sulpho-acids) and the basic hydrates (the 
hydrates proper). The aczd hydrates, or as they are better called 
acids, and which are produced by the union of the anhydrides 
with water, usually contain in their molecule the same number of 
hydrogen atoms as the normal salt of a monad metal contains of a 
metal.! The names of the acids are derived from those of the 
corresponding anhydrides ; thus, from sulphuric anhydride we get 
sulphuric acid, from phosphoric anhydride, phosphoric acid, &c 

Basic hydrates are the oxides of the metals in which a portion 
of the metal is displaced by hydrogen—e.g. potassium hydrate, 
cupric hydrate. They are often produced by the union of the 


1 An acid is therefore a hydrogen salt, and the hydrogen which can be 
displaced by a metal, not necessarily all which the acid contains, is called its 
ıdisplaceable hydrogen. Accordingly, asan acid contains one, two, three, &c., 
atoms of displaceable hydrogen, it is said to be mono-, di-, tribasic, &c.—ED. 
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basic oxides with water, and may be considered, as was formerly 
the case, as compounds of these two substances. 

The chemical nomenclature of the acids, bases, and salts, which 
contain sulphur instead of oxygen is not so well developed, and 
probably because we are less accurately acquainted with these 
compounds. They may be called sw/pho-acids, sulpho-bases, and 
sulpho-salts. On the union of a sulpho-acid (e.g. carbon disul- 
phide or arsenious sulphide) with a sulpho-base (e.g. potassium 
sulphide or sodium sulphide) a sulpho-salt is produced. Thus 
carbon disulphide {sulpho-carbonice acid) with sodium sulphide 
gives sodium sulpho-carbonate ; arsenious sulphide (sulph-arsenious 
acid) with potassium sulphide gives potassium sulph-arsenite, and 
in this way all other sulpho-compounds are distinguished. 

The salts which result from the direct union of the halogen 
elements (chlorine, bromine, iodine, and fluorine) with the metals, 
and which contain neither oxygen nor sulphur, are called the 
haloid-salts, and the corresponding acids, containing hydrogen in 
the place of the metal, are the Awloid-acid's. 

Hydrochloric acid, the compound of hydrogen and chlorine, 
is not to be confused with chloric acid, which contains oxygen as 
well as these elements. 

The metals unite with the halogens usually in the same pro- 
portion as with oxygen, and the corresponding names are the 
same. To mercuric oxide corresponds mercuric chloride, con- 
taining a quantity of chlorine equivalent to the oxygen in the 
oxide ; similarly, mercurous chloride corresponds to mercurous 
oxide. 

In cases when elements unite with the halogens in more than 
two proportions, or when, as in the case of phosphorus, the com- 
pounds cannot be included under the true haloid-salts, it is 
customary to indicate the number of chlorine, bromine, &c., atoms 
eontained in the molecule of the compound by the prefixes 
mono-, di-, tri-, tetra-, penta-, hexa-, &c. The two compounds of 
phosphorus and chlorine, which contain respectively five and three 
atoms of chlorine united to one atom of phosphorus, are called 
phosphorus pentachloride and phosphorus trichloride; and, in 
thie same manner, we also say carbon disulphide, referring to the 
compound containing one atom of carbon and two of sulphur in 
the molecule. 

Haloid compounds are also known, in which a portion of the 
chlorine, bromine, &c., is displaced by oxygen. These are called 
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oxychlorides, oxybromides, &c. To this class belongs the well- 
known phosphorus oxychloride. Those compounds in which 
sulphur displaces a portion of the halogen instead of oxygen are 
similarly designated—e.g. the compound of phosphorus, chlorine 
and sulphur is called phosphorus sulphochloride. 

Alloys are the intimate mechanical mixtures produced by 
melting metals together. Those alloys which contain mercury are 
called amalgams. Alloys and amalgams can only be produced 
from metals. 





CHEMICAL SYMBOLS AND FORMULE. 


When we calculate with figures we do not use the words 
representing them, but their signs. In the same manner, the 
need of symbols to express chemical substances, and by a suitable 
combination of these symbols to reproduce chemical thoughts in a 
brief but general manner, was early recognized in chemistry., 

It is customary to represent the elements by letters and to 
express chemical compounds by the juxtaposition of these letters. 
The symbol H has been chosen to represent the element hydrogen, 
and I the element iodine ; by placing these symbols together, 
without any sign between them, the compound of the two elements 
—hydriodice acid—is represented (HI). In the same way the 
compound symbol CaO is a simple expression for the compound 
of the metal calcium (Ca) with the gas oxygen (O)—.e. common 
quick-lime. 

The symbols of the elements are the first letter of their names 
and usually of their Latin names : thus K represents potassium 
(kalium), C=carbon, &c. When the names of several elements 
begin with the same letter, some other letter is added: thus B 
means boron, Ba=barium, Br=bromine, Mg=magnesium, Cd= 
cadmium, Ag=silver (argentum), Hg=mercury (hydrargyrum), 
Fe=iron (ferrum), Sn=tin (stannum), &c. 

But the chemical symbols of the elements have another and 
more important meaning. The symbol HI does not only indicate 
the presence of hydrogen and iodine, but expresses also the 
quantities by weight of the constituents of hydriodic acid which are 
contained in its molecule. The symbol H indicates one atom of 
hydrogen, or the smallest weight which enters into a chemical 
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compound (which is taken as unity), and, in the same manner, I 
means one atom of iodine or 127 parts by weight; while, finally, the 
compound symbol HI expresses the compound of hydrogen and 
iodine, which contains one part of the former united with 127 
parts of the latter, and of which the molecular weight is, therefore, 
‚127 +1=128. 

The accompanying table on p. 60 gives the names of the 
elements, alphabetically arranged, with their symbols and atomic 
weights, the non-metallic elements being in z/alies. 

Since, however, the elements combine with one another not 
only in simple but also in multiple proportions, and as this must 
also be represented by chemical symbols, it is customary to ex- 
press the number of atoms of the one element which unites with 
the other to form a molecule by a small figure placed to the right 
of the symbol of the element. For example, SO, means the 
compound of one atom (32 parts) of sulphur with two atoms 
(2 x 16 parts) of oxygen, and the formula H,O means the compound 
produced by the union of two atoms of hydrogen (2 parts) with one 
atom of oxygen (16 parts). 

The figures placed to the right of any chemical symbol refer 
only to this one symbol, but another large figure placed on the left 
ofa symbol multiplies all that follows up to a comma, full-stop, or 
plus sign. The formula 2KCI,PtCl,, for example, represents the 
compound of two atoms of potassium, and two atoms of chlorine 
(or two molecules of potassium chloride), with one of platinic 
chloride. Similarly, the formula SO, | ER, ıoH,O is the 
symbolic expression for acompound of sodium sulphate with 10 
molecules of water—i.e. with 20 atoms of hydrogen and 10 atoms 
of oxygen. 

Every such formula is full of hidden meaning to the chemist. 
The composition of the above compound (Glauber's salts) might 
be more briefly expressed by the formula SNaA,.H.0, , butthle 
only tells us that one molecule contains one atom of sulphur, two 
of sodium, twenty of hydrogen, and fourteen of oxygen. If we 
wished to express the fact that ten molecules of water are 
contained in each molecule of the salt, we might write its formula 
5S0,Na,+10H,0. But the above formula, SO, a +10oH,0, 
in which the constituents of the compound are still further arranged, 
expresses the fact that the four oxygen atoms in the sodium sul- 
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TABLE OF ATOMIC WEIGHTS. 
) B-5-) © A 
Name "B a] Name | F ae 
a | &s Io | <>’ 
| 
Aluminium .ı Al | 27 | Molybdenum Mo | 96 
Antimony. .| Sb | ı2o | Nickel Na I w58:5 
Arsenic | 4s 75 | Niobium Nb | 94 
Barium ı Ba | 137 | Nitrogen N 14 
Beryllium . | Be | 13'6| Osmium | Os | 199 
Bismuth ı Bi | 2ı0 | Oxygen (@) 16 
Boron 2} II Palladium. Pd | 106 
Bromine Br | 80 | Phosphorus 12 31 
Cadmium . Near ze |" Blatnum, CH 
Caesium MOSE 133 Potassium. | K 39 
Calcium Ca 40 Rhodium . | Rh | 104 
Carbon ws 12 Rubidium . | Rb | 854 
Cerium ı Ce | 141 Ruthenium | Ru | 104 
Chlorine @U 35°5| Selenium . | Se 79 
Chromium er 52'2| Szlıcon SZ. 28 
Cobalt | Co 59 Silver | Ag | 108 
Copper | Cu 634, Sodium ENa- "23 
Didymium Di | 146 Strontium . EST 87°5 
Erbium | Er | 166 Sulphur RS 2 
Fluorine F 19 Tantalum . | 7a | 182 
Gallium | Ga 698) Tellinium. ı Ze 1128 
Gold. Au | 197 Terbium | Tr | 148 
Hydrogen . ZZ ı | Thallium . | TI | 204 
Indium In! | 113%4' Thorum., I" Th. | 232:5 
Jodine 4 072 Tin Sn | 118 
Iridium Ir 108 Titanium . 12: 48 
Iron.  . | Fe | 56 | Tungsten. | W | 184 
Lanthanum 19a 171039 Uranium . | U 240 
Lead. Pb -| 207 Vanadium | V 513 
Lithium Li 7 Yttrium NZ 90 
Magnesium Mg | 24 | Ytterbium. 1.904.173 
Manganese Mor Bere Zinee ’ | Zn 65 
Mercury Hg | 200 | Zirconium . | Zr 90 
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phate perform different functions. Two of them,are considered to 
be in closer connection with the atom of sulphur than the other 
two. These two atoms of oxygen saturate four of the bonds of the 
hexad sulphur atom, producing a dyad group of elements (SO,) 
which is capable of playing the part of a single element, and 
which is called a compound radical. There is another fact ex- 
pressed in this formula—viz. that this dyad radical does not unite 
directly with thetwo atoms of sodium, but through the intervention 
of the other two atoms of oxygen, which have, therefore, other 
functions than the two former atoms of this element. 

The employment of chemical symbols makes the meaning of 
chemical decompositions much more easy to understand. And the 
use of formulx enables us to determine what quantity of a body is 
necessary to produce, either alone or by its action on a second 
substance, a given quantity of a third. 

We have seen (p. ı2) that potassium chlorate breaks up on 
heating into potassium chloride and oxygen. In order to find out 
how much of these two substances would be obtained from 100 
grammes of potassium chlorate, we must first know the molecular 
weight of this salt, and how many atoms of each of its elements 
are contained in its molecule. We could, of course, express this 
in words, and say one molecule of potassium chlorate consists of 
one atom of potassium, one of chlorine and three of oxygen, and, 
the atomic weights of these elements being known, that one mole- 
cule of the salt contains :— 


35°5%1 = 35'5 parts by weight of chlorine, 





90x T='3907 5 r potassium, 
10, 23 2480, 75 sö oxygen, 
1225 „ ” potassium chlorate, 


which means that on the decomposition of 122°5 parts by weight 
of potassium chlorate 48 parts of oxygen would be given off, and 
745 parts of potassium chloride would remain behind. 

But all this, which is expressed by so many words, may be at 
once represented by the simple chemical equation :— 


GIO,R- = KCl.+ 90; 
Cl means 35°5 parts by weight of chlorine, 30 means 3x 16=48 


parts of oxygen, and K 39 parts of potassium. Placing these 
numbers opposite the symbols we get :— 
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C10,K = KCl + 30, 

35'5+48+39 = (39+35'5) + 48, 

122'5 > 74°5 + 48, 

which shows that 122'5 parts by weight (grammes, &c.) of potas- 

sium chlorate yield 74'5 parts (grammes, &c.) of potassium chloride 

and 48 parts (grammes, &c.) of oxygen. From Ioo grammes of Do 

sium chlorate we should, therefore, obtain the weights of potassium 

chloride (x) and oxygen (y) expressed in the two following simple 
rule-of-three sums :— 

122°5 :74'5::100:!x7,*.x=60'8 grammes potassium chloride. 

122°5:48 ::100:y.'.y=39'2 grammes oxygen. 

This simple method gives a ready means of calculating the 
weight of any particular substance which can be obtained from a 
given weight of some other substance in a known chemical reac- 
tion. Suppose, however, we wish to know the volume of the sub- 
stance produced when it isa gas. Let us take the same example 
and imagine that it is required to find how many Zfres of oxygen 
would be produced when 100 grammes of potassium chlorate were 
completely decomposed. We have .seen above that the wezgAhz of 
oxygen produced is 392 grammes, and we further know that the 
weight of a litre of oxygen is 16 times that of a litre of hydrogen 
(the molecule of the former being 16 times as heavy as that of the 
latter), or, in other words, is 0°0895 x 16=1'432 grammes. From 
this, therefore, it follows that the 39°2 grammes of oxygen will 


occupy a volume of = =27'3 litres. This is of course the 





volume of the gas at the normal temperature (0° C.) and under 
the normal pressure (760 mm.). In the same manner the volume 
of any given weight of a gas (and the converse) may be easily 
found, provided we know its molecular weight. 

It has been previously stated (p. 9) that manganese peroxide 
when heated gives off oxygen. The process, which has been 
shown by analytical experiments to be according to the following 
equation, is somewhat less simple. From this equation— 


3MnO, = Mn,0, + O0, 


we learn that three molecules (261 parts by weight) of the per- 
oxide yield one molecule (229 parts) of trimanganic tetroxide, and 
one molecule (32 parts) of oxygen. Whence it follows that 12°2 
kilos. of oxygen will be obtained from 100 kilos. of the peroxide. 
The chemical manufacturer who wishes to convert 100 kilos. of 
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saltpetre (potassium nitrate) into nitric acid, so as to obtain the 
largest yield of acid possible, and to use the smallest quantity of 
sulphuric acid necessary, must of course know the details of the 
process he is about to employ, and must remember that acid 
potassium sulphate is obtained as a bye-product. The reaction 
which takes place is expressed by the following equation :— 


Mi (OH (OH POWER 
NO,:0OK + SO,gn = 50% jok + NO,'OH. 
Potassium Sulphuric Acid potassium Nitric 

nitrate acid sulphate acid 


Translating the formula into numbers we get— 


Ne 574, 5 1e,82 Ss = 3 N = 14 

O, = 48 0, = 64 0, = 0, = 48 

KR.» 39 N,= 2 K = 39 H = ı 
H =.7 

101 98 136 63 


which show that the manufacturer must use 98 kilos. of sulphuric 
acid for every or kilos. of saltpetre, and that he will obtain 136 
kilos. of acid potassium sulphate and 63 kilos. of nitric acid. 


GENERAL REMARKS ON THE CHEMICAL 
ELEMENTS. 


It is remarkable that the elementary constituents of the earth, 
of which we know more than sixty, occur both in the free state 
and combined in very different quantities and are very differently 
distributed on the earth. Some may be found everywhere, others 
occur rarely and in small quantities ; while others, again, are found 
only in a few places, but then in considerable quantities. The most 
widely distributed elements are oxygen, silicon, aluminium, iron, 
and calcıum ; those which are more scarce include the noble 
metals gold, platinum, &c. Others, which only occur in definite 
places, but then in considerable quantities, are such as mercury, 
tin, &c. Finally, some are so rare that we only possess a very 
meagre knowledge of them and their compounds—e.g. indium, 
caesium. 

Some elements occur as such free in nature, or, as it is said, 
native—e.g. platinum—but the majority of the elements are found 
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exclusively in combination with others; while some, as sulphur, 
oxygen, nitrogen, silver, copper, occur both free and combined. 


A question which has often been asked but never answered, 
and perhaps never will be, is whether the interior of the earth may 
not contain other elements besides those with which we are ac- 
quainted, and whether the elements and their compounds may not 
be differently distributed there than they are in the portion of the 
earth’s crust accessible to us. 

The portion ofthe earth which we can investigate—..e. theatmo- 
sphere, the ocean, and a very thin layer ofthe solid crust—is only 
a minute fraction of the whole mass. The mean radius of the 
earth is over 3,950 miles, and as we descend towards the centre 
the temperature increases to such an extent that at a depth of about 
fifty miles nearlyall the substances we know on the earth would 
be in a liquid state. That this is the case in some places is proved 
by the existence of volcanoes which at times pour forth streams of 
liquid lava. But it must not be forgotten that the substances 
forming the interior of the earth are under a much greater pressure 
than those at the surface, and we cannot tell how far the effect of 
this pressure would modify the melting-points of the different 
bodies. It may be considered as probable that the interior of the 
earth consists of substances heavier than those at the surface, for 
while the mean specific gravity of the rocks at the surface is be- 
tween 2'5 and 3°0, that of the entire earth is about 55. But here 
again pressure would tend to compress the substances in the 
interior and so to make them heavier ; for example, at the ordinary 
temperature, water would become as heavy as mercury at a depth 
of 360 miles. How far these two opposing forces, that of the inter- 
nal heat and that of pressure, counterbalance one another remains, 
and probably will remain, an unsolved problem for us. 

But it is certainly to be expected that many unknown elements 
are hidden in the interior of the earth, perhaps some even heavier 
than platinum and iridium, which, owing to their high specific 
gravity, can never approach the earth’s surface ; while, on the other 
hand, it may be mentioned that numerous analyses of meteorites 
which have fallen to the earth from extra-terrestrial space have 
not revealed any new elements to us. 


We consider thepresent chemical elements to be simple bodies 
because we are not able at present to further decompose them 
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‘{p. 5), but we do not therefore think them incapable of decompo- 
‘sition. On the contrary, the suspicion that many of them are 
‚either compound bodies or modifications of one element is sup- 
ported by weighty reasons. 

In the first place, the history of chemistry teaches us that sub- 
stances long considered as elements can be broken up by improve- 
ments inthe methods and means of decomposition into simpler 

bodies, and now it is thought possible that even these may be 
compounds. 

Potassium hydrate, a compound of potassium, oxygen, and 
hydrogen, quick-lime, consisting of calcium and oxygen, and other 
bodies, were thought to be elements at the beginning ofthe present 
century, when the electric current as a powerful means for effecting 
decomposition was still unknown. By electrolysis the unknown 
metal potassium was recognized as a constituent of potassium 
hydrate, and the metal calcium was isolated from quick-lime. Such 
events justify the expectation that with the discovery of new and 
more powerful means of decomposition, many of the elements would 
disappear from the present list. 

Compound bodies are known, the compounds of which have 
so close an analogy to the similar compounds of certain elements 
that it is often difficult to separate them from one another. Such 
compounds would certainly have been classed with the elements had 
not their decomposition been accomplished. Of these, cyanogen, 
a compound of carbon and nitrogen, is a striking example. The 
compounds of this substance with the metals and with hydrogen 
closely resemble the similar compounds of the elements chlorine, 
bromine, and iodine. And this similarity makes it quite possible 
that chlorine, bromine, and iodine will, some time or other, prove 
to be compounds. 

Besides chlorine, bromine, and iodine, other elements exist 
which possess remarkable similarity in their compounds. Such 
are, for example, the groups: sulphur, selenium, and tellurium ; 
potassium, sodium, and lithium ; barium, strontium, and calcium. 
It is certain that these similarities are just as little accidental 
as the fact that the similar elements generally occur associated 
together in nature. 

Still more remarkable are the relations in which the atomic 
weights of the elements of each group stand to one another. The 
atomic weight of the middle element is almost exactlythe mean 
of those of the other two. For example, in the group potassium, 
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sodium, and lithium, with the atomic weights 39, 23, 7 respectively, 
SORT, 


) 


weight of sodium. Similarly in the second group, barium (137), 
strontium (87°5), and calcium (40), the mean of 137 and go is 
88°5, or very nearlv the atomic weight of strontium ; in the same 
manner in the third, chlorine (35°5), bromine (80), and iodine 
(127), the mean of 35'5 and 127 (81°25) nearly coincides with the 
atomic weight of bromine (80) ; and finally, in the fourth group : 
sulphur (32), selenium (79), and tellurium (128), the mean of the 
atomic weights of sulphur and tellurium is 80, or very nearly the 
same as the atomic weight of selenium (79). It will be noticed 
that the numbers do not exactly agree, although they very nearly 
do so. 

It is certainly not accidental that the members of these zarural 
groups and other similar ones always occur together in nature, 
that they have a close chemical likeness to one another, and that 
such a remarkable relation connects their atomic weights together. 
We do not know the cause and connexion of these facts ; we can 
only guess and surmise that truths lie hidden in them which, if 
brought to light, would considerably enrich and further our 
science. 

The investigator cannot attempt to explain every fact, even 
those close at hand, and must beware of substituting speculation 
for experiment. Much might be written on facts such as those to 
which we have referred, and brilliant hypotheses might be built 
upon them ; but these theories often lose their splendour when ex- 
perimental investigation lifts the veil and discloses the truth. 

As might be expected from the great divergence in the atomic 
weights, similar groups can be easily built up from other elements 
than those mentioned above. The atomic weights of oxygen, 
nitrogen, and carbon offer an example. The mean of the atomic 
weights of oxygen (16) and carbon (12) is 14, or exactly the atomic 
weight of nitrogen. Still no one would think of placing these 
elements together in a group because of the great difference in 
their chemical behaviour. The compounds of oxygen, nitrogen, 
and carbon with other elements—e.g. with hydrogen—have not 
the slightest resemblance to one another ; they may in fact be said 
to differ from one another as much as the hydrogen compounds of 
the natural group chlorine, bromine, and iodine resemble one 
another. These three elements cannot, therefore, be grouped 


the mean of 39 and 7, or ,‚ is exactly 23—2.e. the atomic 
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together in the same manner as chlorine, bromine, and iodine, 
&c.: the connexion between their atomic weights appears to be 
purely accidental. 

Remarkable relations between the elements are also found in 
another direction. There are certain elements of which the 
atomic weights are almost exactly the same, and which always 
occur associated together in nature. To these belong the metals 
platinum and iridium, with nearly the same atomic weight (195 
and 193) ; rhodium and ruthenium (104) ; cobalt and nickel, with 
the atomic weights 59 and 58°5 ; and iron and manganese (56 and 
55), as well as some others. 

These facts obtain increased importance since those elements, 
which occur together in nature and possess about the same 
atomic weight, always exhibit a close relation in their chemical 
properties. And since we know that elements exist which, though 
chemically identical, can possess very different physical and 
even chemical properties (e.g. graphite and diamond, both modif- 
cations of the element carbon ; ordinary and red or amorphous 
phosphorus), the supposition is not unsupported that at a later 
time it may be possible to prove the identity of cobalt and nickel 
or of iron and manganese, and even to convert the one into the 
other. 

From whichever side the question of the elementary nature of 
the elements is attacked, it seems probable, although no decided 
answer can be obtained, that the elements, or the greater part of 
them, are capable of decomposition and that their number might 
be much reduced. 





PHYSICAL AND CHEMICAL PROPERTIES OF 
BODIES. 


When two bodies are allowed to act upon one another it is 
easy in most cases to decide whether a chemical change has taken 
place or not. Sometimes, however, especially in organic chernistry, 
careful observations and experiments are necessary to decide 
whether two products of different reactions are identical or dif- 
ferent. This is done by an exact determination of the physical and 
chemical properties of the bodies under investigation, the enu- 
meration of which constitutes their real description. 
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One ofthe most important of the SAysical properties of a body 
is its 

State of Aggregation.—It must be known whether the body in 
question is a solid, a liquid, or a gas under normal conditions, and 
whether it changes its state of aggregation, and if so, under what 
conditions. If the body is a liquid, its boiling-point, reduced to 
the normal atmospheric pressure, must next be determined, as 
well as the temperature at which the liquid becomes solid, if at all, 
or its freezing-point (melting-point). Ifthe substance is a gas, the 
temperature, or pressure, or both, under which it becomes liquid 
must be found. With solid bodies the determination of the tem- 
perature at which it becomes liquid (melting-point) must be made. 

The colour of the substance must also be noticed;; it often 
changes with the state of aggregation. Sulphur, for example, in 
the solid state is bright yellow, in the liquid state yellow to brown, 
in the gaseous state reddish-brown ; iodine, at the ordinary tem- 
perature, is a dark-grey solid with metallic lustre, but when melted 
it becomes reddish-brown, and in the gaseous state has a splendid 
violet colour. 

The Zasze and odowr.—The determination of these properties, 
especially the former, require caution, owing to the poisonous nature 
of many substances, and because of the caustic action of others 
—.e.g. sulphuric acid, caustic potash—on the mucous membrane 
ofthe tongue and mouth. A large number of volatile bodies may 
be easily and tolerably certainly recognized by their odour alone— 
e.g. chlorine, iodine, sulphurous acid, chloroform, carbon disulphide, 
camphor. We distinguish different tastes as : acid (sour), alkaline 
(soapy), acrid, astringent, sweet, bitter, insipid, &c.; and different 
odours as: acid, putrid, suffocating, &c. The odour of bodies is 
often compared with that of other well-known substances ; thus, 
we say an ethereal odour, or that a body smells like cinnamon, 
bitter almonds, camphor, butyric acid, &c. 


Lustre, Fracture, and Hardness. —Among solids, different kinds 
of lustre of their surfaces are distinguished according to substances 
whose lustre is well known—e.g. metallic lustre, diamond lustre, 
vitreous lustre, silky, mother-of-pearl lustre, &c. 

The fracture of a solid when broken is indicated by the same 
terms asthe lustre. Some bodieshavea crystalline fracture, others 
a conchoidal (shell-like), or a splintery fracture. The crystalline 
fracture may be laminated, granular, or fibrous. 
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For the determination of the hardness of solids, the same series 
of minerals is used as in mineralogy. This scale consists of a 
series often minerals of different degrees of hardness, commencing 
with the diamond and ending with talc. Liquids are distinguished as 
viscid and mobile. It often happens that viscid liquids are heavy 
—.e.g. concentrated sulphuric acid—and that mobile liquids are 
light, although the greater or less consistency of the liquid does 
not depend upon its specific gravity. The heavy liquid chloroform 
is very mobile, while the light fatty oils are viscid. 

The specific gravity or density of a substance indicates how 
many times heavier the substance is than some other known body. 
Water is chosen as the unit for liquids and solids, air as the unit 
for gases and vapours. 

A piece of iron weighed in the air is much heavier than when 
dipped in water, In the latter case its loss in weight is exactly 
the weight of the water which it displaces. The absolute weight of 
the iron divided by the weight of the water displaced (its own 
volume) gives the specific gravity of iron (7°8). Similarly deter- 
mined, the specific gravity of platinum is nearly three times as 
much (21°5). 

If we take a small vessel, of known weight, with a narrow neck 
on which is a mark, fill it with mercury and weigh it, and then do 
the same with water, we obtain, on subtracting the weight of the 
flask from each weighing, the relative weights of mercury and 
water (equal volumes), and, dividing the former by the latter, the 
specific gravity of mercury (13'6) is found. 

In a similar manner the specific gravities of gases and vapours 
may be obtained, employing the word vapour for the gases pro- 
duced on heating volatile liquids above their boiling-points. 

The methods by which determinations of specific gravity are 
made, especially those of gases and vapours, are taught in physics. 
In order to thoroughly understand them, the student should make 
determinations himself in the chemical or physical laboratory. 
The determination of the density of a compound in the gaseous 
state (its vapour density) is of the greatest importance, since this 
density when multiplied by 28°88 gives the molecular weight of the 
compound (p. 51). 

Every substance possesses its own peculiar specific gravity, 
which is always the same, under the same conditions (particularly 
temperature and pressure), however the substance occurs or how- 
ever it may have been obtained. A substance which from its pro- 
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perties we might take for iron, but which has a different specific 
gravity, say 9 instead of 7°8, is not iron. Numerous compounds 
exist in organic chemistry which not only possess the same per- 
centage composition, but are also so similar in their chemical pro- 
perties and behaviour that they might be thought to be identical 
if the specific gravity of their gases were not so different from one 
another, which proves that they are polymeric and not identical 
bodies. 

One of the most important of the physical properties of a body 
is its capacity for heat or its specific heat. This must be carefully 
determined by one of the various methods known to physicists. 
The specific heat is particularly important in the case of solids, and 
it has been found that if the solid be an elementary body, the 
product of its specific heat into its atomic weight is a constant 
quantity (about 6). This may be expressed in another way by 
saying that the capacity for heat of all elementary atoms in the 
solid state is the same—z.e. the quantity of heat required to raise 
atomic weights of different solid elements (a/omic heat) is a con- 
stant quantity. The law is known after the two French chemists 
who discovered it as Diclong and Petit s law.! 


Crystalline Shape.’ 


When a substance passes from the liquid or gaseous to the solid 
state, its molecules generally arrange themselves so that regular 
symmetrical forms or crystals are produced. These forms are 
always the same for one and the same substance when produced 
under similar conditions, and even when the conditions producing 
the crystals vary the forın is usually the same. 

Common salt, sal-ammoniac, and alum under all conditions 
crystallize in the regular system ; sulphur crystallizes in two forıns, 
but only two, accordingly as the crystals are produced from a solu- 


tion or from the liquid substance by allowing it to cool. 


The plane surfaces composing the regular shapes of crystals 
are called /aces ; the inclination of any two faces to one another is 
called the angle between the faces. It is a remarkable fact that 
although the shape of two crystals of the same substance, prepared 
in the same manner, may apparently be very different from one 


U Introduced by the Editor. A fuller account of this law is given in the 
Appendix. 
2 "This short sketch has been introduced by the Editor. 
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another, the arzg/e made by any two similar faces always remains 
unchanged. 

It has been found that the faces of crystals can be arranged 
according to certain imaginary lines supposed to be drawn through 
the crystal and called its ares ; and according to the relative length 
and inclination of these axes all crystals are divided into six sys- 
tems : the regular, tetragonal, hexagonal, rhombic, monoclinic, and 
triclinic systems, as they are usually designated. 


The Regular System. 


In this system there are three axes, which are all equal and all 
at right angles to one another. The fundamental forms of this 





Fig. ı6. Fig. 17. 
system are: the regular octahedron (fig. 16), the cube (fig. 17), and 
the vhombic dodecahedron (fig. 18). Figs. ı9 and 20 illustrate two 





Fig. 18. Fig. 19. 
5 


common forms of the octahedron and cube combined; in the 
former the cube predominates, in the latter the octahedron. In 
these forms all possible faces are developed, and such cerystals, by 
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far the most common, are called Aolohedral. Other forms are, 
however, known in which only one half or one quarter of the 
entire number of faces is developed. Such crystals are called 





Fig. 20. Fig. 2ı. 


hemihedral and tetrahedral respectively. The hemihedral form 
of the octahedron is the Zefrahedron (fig. 21). 
Among the large number of bodies crystallizing in this system, 











Fig. 22. Fig. 23. Fig. 24. 
the following are common examples : common salt (cubes), alum 
(octahedra and cubes), fluor-spar, garnet, the spinelles, galena, 
zinc-blende (often tetrahedra). 


The Tetragonal System. 


In this system the axes are still all at right angles to one ano- 
ther, but one is different in length to the other two, which are 
themselves equal. The first axis is the Zrzwmary axis, the other two 
are the secondary axes. The fundamental forms are the Ze/ragonal 





ri 
| 
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Dyramid (fig. 22) and the Zefragonal prism. Fig. 23 represents a 
combination of one of the prisms with the pyramid, a form in which 
tin-stone often occurs. 

Common substances which crystallize in this system are: tin- 
stone, rutile, potassium ferrocyanide. 


The Hexagonal System. 


This system is distinguished from all the others by the fact that 
it possesses four axes. Three of these axes (secondary) are equal 
in length,-lie in the same plane, separated from one another by an 
angle of 60°, and areall at right angles to the fourth or primary 
axis, of which thelength is different. Fig. 24shows acombination 
of the fundamental pyramid and prism—a common form in rock 
crystal. 

The hemihedral forms of this system are very important —many 
substances (e.g. calc-spar) assuming these forms only. Fig. 25 
represents the fundamental »Aombohedron, and fig. 26 a scaleno- 
hedron. 





Fig. 25. Fig. 26. 
A large number of bodies crystallize in the hexagonal system. 
Among them may benamed rock-crystal, apatite, calc-spar, sodium 
nitrate. 


The Rhombic System. 


The axes of this system are all of different lengths, but all are 
at right angles to one another. One axis is chosen as primary axis, 
and of the other two secondary axes the longer is called the mzacro- 


a 
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diagonal, and the shorter the drachy-diagonal. The two figures 


27 and 23 represent the fundamental pyramid and a combination, 
common in crystals of desmine, 





Fig. 27. Fig. 28, Fig. 29. 


This is also a large system ; some of the more important sub- 
stances crystallizing in it are sulphur, topaz, zinc sulphate. 


The Monoclinic System. 


All three axes of this system are of unequal length ; of the 
secondary axes one (orZfho-diagonal) is perpendicular to the pri- 
mary axis, and the other is inclined to it at some angle other than 





Fig. 30. Fig. 5I. Fig. 32. 


90° (klino-diagonal). The fundamental pyramid is shown in fig. 
29, and a combination (gypsum) in fig. 30. 
Of substances belonging to this system may be mentioned: 





7 
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ssulphur (when melted and allowed to cool), gypsum, orthoclase, 
ccane-sugar. 


The Triclinic System. 


In this system, the most unsymmetrical, all the axes are un- 
eequal, and they are all inclined to one another at some other angle 
ithan 90°. The two figures (31 and 32) represent the fundamental 
ıpyramid and a combination occurring in albite. 

Albite, copper sulphate, axinite, and other substances occur in 
ccrystals belonging to this system. 

Dimorphism.—Substances which, although chemically iden- 
ttical, possess the power of crystallizing in two entirely different 
forms are said to be dimorphous—e.g. sulphur (see ante). Some 
ssubstances (eg. titanic oxide) can crystallize in three different 
forms and are called Yrimorphous. 

Isomorphism.—Two bodies are called zsomorphous when they 
ccrystallize inthe same form and possess a similar chemical com- 
position. Thus: calc-spar (CaCO,), dolomite (CaMgCO,), 
magnesite (MgCO,), spathic iron ore (FeCo,), calamine (ZnCO,) 
all crystallize in rhombohedra, having nearly the same angle, and 
‚a similar chemical composition (M’CO,). Many other examples 
night be given of thıs important and useful law.! 

Numerous methods may be employed to produce crystals 
from gases, liquids, or amorphous solids. Many gases and liquids 
oon becoming solid by cooling assume a crystalline state. The 
wiolet coloured gas of iodine deposits on cooling dark-grey crystals 
of solid iodine. Water crystallizes—iz.e. becomes ice—at 0°; liquid 
:carbonic acid at 78”. 

Solid bodies, which can be volatilized unchanged, are mostly 
jobtained in a crystalline state by swö/imation, or by heating the 
solid and gradually cooling the gas which is evolved. In this 
manner, sulphur, arsenious acid, mercuric chloride, &c., may easily 
be crystallized. Most bodies melt before they sublime, others pass 
directly from the solid into the gaseous state—z.e. they boil at a 
lower temperature than they melt. 

Solid bodies which can be melted may be easily made to 
rystallize by allowing a portion of the liquid to solidify and then 
pouring off the still liquid portion. Crystals of sulphur, bismuth, 
\xc., may be easily obtained in this way. 

The commonest method of preparing crystals is, however, to 


I See Appendix. 
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dissolve the substance in some volatile liquid and then allow it 
to evaporate slowly ; common salt crystallizes in cubes from a 
saturated aqueous solution on evaporation ; or a hot saturated 
solution may be allowed to cool slowly, as a liquid usually dis- 
solves more of a substance when hot than when cold. In this way 
crystals of nitre, Glauber’s salt, and many other salts, are ob- 
tained from hot water, sulphur from hot carbon disulphide, mer- 
curic chloride from alcohol, graphite from cast-iron, &c. 

Many metals—copper, silver, &c.—may be deposited from their 
aqueous solutions in a crystalline form by electrolysis. But the 
conditions under which most of the numerous natural crystals of 
the mineral kingdom, particularly those which do not dissolve in 
the ordinary solvents (corund, heavy-spar, and many others), have 
been produced are as yet unknown. 






































Solubility. —Nearly all solid bodies dissolve in some liquid ; 
but the manner in which solution takes place may be different. 
Many liquids dissolve solids without producing any chemical 
change—thus, common salt, nitre, &c., dissolve in water, and the 
dissolved substances then separate out again unchanged on the 
removal of the solvent. This kind of solution may be called 
mechanical solution. 

Other liquids dissolve solids by reason of a chemical action 
which takes place between them. Water dissolves sulphuric an- 
hydride, phosphoric anhydride, barium oxide, &c., to form chemical 
compounds with these bodies. In other cases chemical change 
and decomposition may take place, as when nitric acid dissolves 
lead oxide or metallic copper. This kind of solution, depending 
upon chemical change, may be called chemical solution. 

Of mechanical solvents, water is by far the most important; 
then follow alcohol, ether, carbon disulphide, chloroform, benzol, 
&c. The solubility generally increases with the temperature, so tha 
liquids at the boiling temperature usually dissolve far more of 
solid than at the ordinary temperature of the air. A few substance 
are as soluble in the cold as in the warm liquid—e.g. common sal 
in water ; and a few are more soluble at the ordinary temperature 
than when the liquid is heated, for example, calcium hydrate i 
water--hence lime-water (a solution of calcium hydrate) become 
milky when warmed from the separated calcium hydrate, which 
however, again dissolves on cooling. 

Many bodies which are insoluble in water dissolve in alcoho 
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eether, &c.,and vice vers. Barium chloride and Glauber’s salt are 
ssoluble in water but insoluble in alcohol and ether, while many 
organic substances (e.g. stearine) are insoluble in water but solu- 
!ble in alcohol and ether. 

It is of great importance in determining the identity or differ- 
eence of two bodies to know the different quantities dissolved by 
ttheir solvents at various temperatures. Such determinations may 
either be referred to the boiling point of the liquid, to 0°, or to the 
ımean temperature. 


The Chemical Properties of Bodies. 


To these properties belongs the solubility of a substance in 
different solvents, by which a chemical change is produced. It 
ımay be known that chemical action has taken place if, on 
tevaporating the solvent, a chemical compound of the original 
:substance remains behind. No metals are mechanically dissolved 
!by any liquid except mercury. Some are acted on by water and 
‘alcohol and dissolved chemically. Most of the metals dissolve 
ıchemically in some acid, as nitric, hydrochloric, or sulphuric acid, 
(or in aqua regia. Mercury, copper, lead, &c., are dissolved by 
ınitric acid and converted into nitrates ; while tin is transformed 
‘into the insoluble dioxide by nitric acıd and dissolved by hy- 
ıdrochloric acid. Gold and platinum do not dissolve in nitric or 
"hydrochloric acid alone, but a mixture of thetwo acids (aqua regia) 
‚at once converts them into the soluble chlorides. 

In the same manner as the metals, most of the metallic oxides 
‚are insoluble in water, but form with most of the acids soluble 
salts. It is characteristic of many substances that they are in- 
soluble or difficultly soluble in water and other solvents : barium 
sulphate, for example, is neither soluble in water nor in dilute acids. 


In distinguishing between different bodies it is especially 
important to notice whether they possess acid or alkaline proper- 
ties, or wnether they belong to the class of salts or other indifferent 
bodies. Bodies with acid properties which are soluble may often 
be recognized by their sour taste, but more easily and certainly by 
their action on certain vegetable colouring matters. The blue 
solution of litmus or of violets in water is at once turned red by them. 
Paper which has been dipped in a solution of litmus and then 
dried has a blue colour and is called litmus paper ; when a single 
drop of an acid solution is allowed to fall on a strip of this paper 
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the spot is at once coloured red. Bodies which, on the other 
hand, possess alkaline properties render a solution of litmus, made 
faintly red with an acid (or red litmus paper), at once blue again, 
while the solution of violets is turned green. In this sense we 
speak of an acid or alkaline reaction. 

But besides the soluble bodies with an acid or alkaline reaction 
a large number of insoluble acids and bases exists which can 
neither be recognized by their taste nor by their reaction. That 
certain of these are acid bodies is proved by the fact that they can 
combine with strong bases to form chemical compounds, from 
which they can be again separated by stronger acids. Silica, for 
example, which is insoluble in water and most acids, and which 
therefore neither tastes sour nor possesses an acid reaction, unites 
easily with caustic potash to form a compound called water-glass, 
from which it is again separated by hydrochloric acid. In the 
same manner, black copper oxide, a body quite insoluble in water, 
is readily dissolved by nearly all acids, and is again thrown down 
in the insoluble state by the action of a stronger base, such as 
caustic soda. 

A salt, whether soluble or insolubie in water, is the substance 
produced by the union of a base with an acid. By this process 
the properties of the acid and base are apparently lost. Most 
salts possess neither an acid nor an alkaline taste ; those which 
are soluble in water have a peculiar so called saline taste, and 
generally do not act upon litmus either red or blue. By the 
union of an acid and a base to form a salt both are said to be 


neutralized.! 


If we take a little strong solution of caustic potash in a beaker, 
and add to it strong nitric acid, with constant stirring, the liquid 
will become strongly heated, and if we at last add the acid care- 
fully drop by drop, we shall ultimately reach a point when the 
liquid neither possesses an alkaline nor an acid reaction. The 
liquid is now neutral, and has neither an alkaline nor an acid, but 
a pure saline taste. It now contains a salt—nitre—which crys- 
tallizes out in large prisms on cooling the liquid. 

In the same way, if we neutralize caustic soda with sulphuric 
acid, we obtain Glauber’s salt, which also crystallizes out on cooling. 

Are, it might be asked, the sulphuric acid and the soda, the 
nitric acid and the potash destroyed by this process of neutraliza- 


1 J’or further remarks on the constitution of salts, see sequel. 
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ion and production of a salt, or is it possible to reproduce the 
priginal substances from the respective salts ? 

This question has been answered by experiment. The repro- 
‚luction of the original acid and base from an aqueous solution of 
!he salt may be done in various ways ; the simplest method is to 
Jass an electric current by platinum electrodes through a saturated 
aqueous solution of Glauber's salt, coloured violet by a neutral 
solution of litmus. The salt is then decomposed, and, by inter- 
action with the water, the alkali (soda) appears at the negative 
»ole, while the acid (sulphuric acid) is set free at the positive pole,! 
Ihese bodies being recognized by the blue colour of the solution 
around the negative pole and the red colour round the positive, 






































Fig. 33. 


In order to make this evident a narrow glass vessel (fig. 33) is 
illed with a solution of the salt, coloured violet by litmus, and 
ihe solution divided into two equal portions by a piece of card- 
oard placed across it. In each half of the vessel a piece of 
blatinum foil is placed, the ends of both being connected with 
e battery wires as shown. It is sufficient to pass the current for 









' "The first decomposition of the salt (Na,SO,) is into sodium (Na,) and 
'he radical SO, ; but the sodium at once decomposes the water, liberating 
ydrogen and forming sodium hydrate (caustic soda): thus, Naa + 2H, O= 
'NaOH+H3; these two substances appearıng at the negative pole, At the 
ame time the SO, radical breaks up into SO, and oxygen, the former uniting 
sith water to form sulphuric acid. The substances liberated at the positive pole 
re therefore sulphuric acid and oxygen —En. 
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a few minutes, in order to clearly perceive that the one half 
becomes blue and the other red. 

By this apparatus it may also be shown that the quantity of 
acid set free by the current from the salt exactly corresponds 
with the quantity of the base so liberated ; that, in other words, the 
quantities of the two substances liberated are in the same propor- 
tion as they were combined in the original neutral salt. For if, 
after breaking the current, the cardboard partition is removed and 
the liquid well mixed, the acid and base again unite with one 
another, neutrality is restored, both the blue and red colours being 
changed into the original violet. 


WATER. 


We have learnt that water is not, as was previously thought, a 
simple body, incapable of decomposition, but that it consists of 
oxygen and hydrogen. We have further seen how water may be 
built up from its constituents, and in a constant proportion by 
weight or volume, and how it may be again decomposed into them. 

Asa chemical compound, water is full of interest. It occurs in 
nature in allthree states of aggregation—solid as ice or snow, liquid 
as ordinary water, and gaseous as water-vapour or steam. 

Liquid water is a tasteless, odourless liquid, and is often, but 
wrongly, thought to be colourless ; in thick layers it has a deep- 
blue colour. This colour may be seen by taking a wide glass tube 
about six feet long, of which the sides are thoroughly blackened, 
and one end closed with a plate of glass, and which is filled 
with chemically pure water. Ifthen the tube is held in a vertical 
position, and a white porcelain basin viewed through it, the latter 
will appear beautifully blue. The true colour of water only appears 
when it is Zerfeetly pure ; the slightest trace of an organic sub- 
stance renders the colour a more or less pronounced green or 
yellow. It is the blue colour of water which causes the walls of 
the celebrated blue grotto of Naples and everything contained in 
it to be of a blue colour. The opening to the grotto is almost 
closed by water, and it therefore receives nearly all its light 
through the clear, pure water of the sea. 

Ice also possesses a colour of its own. It is bluish-green, and 
may be wellseen in the light passing through the walls of grottoes, 
which are sometimes hewn out of glaciers. 


Water. Sı 


Water becomes solid at o°, and crystallizes in the hexagonal 
system, which may be recognized in the irregularly grouped 
(crystals of snow, or in water frozen on the windows in winter. On 
tthe passage of water from the liquid to the solid state, its volume 
«does not diminish, but increases. Ice occupies a larger volume 
than the water from which it is produced, and has, therefore, a 
lower specific gravity (0'917) than water at o°, on which it floats. 
!In this respect, water forms an exception to the rule that liquids 
iin becoming solid contract. This peculiarity is shared by a few 
other bodies, among the metals by bismuth. 

This apparently unimportant property of water is of the greatest 
\value in nature. If ice were specifically heavier than water, the 
ırivers and oceans would not become covered with a protecting 
crust of ice, as is now the case, but as soon as ice was produced it 
would sink to the bottom, a fresh layer would be formed on the 
ssurface, this would again sink, until the whole mass of water were 
cconverted into a solid block of ice, which the heat of summer 
would only very slightly melt. Ifthis were so, it is no exaggera- 
ttion to say that animal and vegetable life would be impossible on 
tthe earth. 

Water possesses its greatest density at 4° (point of maximum 
cdensity); if heated above this temperature, or if cooled below it, 
water expands. The expansion of water on freezing, although 
conly slight, is the cause of many important phenomena. Rocks, 
tthe crevices and cavities of which become filled with water, are 
!broken up and disintegrated by the freezing of this water in the 
winter. In this way the process is commenced by means of which 
{the hard rocks are converted into friable, fruitful soil. The force 
fthe expanding ice is so powerful that a hollow iron vessel com- 
letely filled with water is burst when the water freezes. 

Water is a volatile substance, and even evaporates at the 
ordinary temperature of the air; ice is also volatile, and gives off 
vapour at temperatures below 0°, without melting. Water boils at 
100° and then forms a colourless vapour or gas, commonly called 
steam. This vapour becomes visible on escaping into the air 
»wing to its partial condensation. The boiling-point of water, like 
!hat of all other liquids, depends upon the pressure, It is 100° 
ınder the ordinary pressure of the air (760 mm.), and rises to 120° 
ıınder a pressure of two atmospheres, and higher still when the 
bressure is still more increased, as in the boilers of high-pressure 
steam-engines. Under a less pressure than the ordinary atmospheric 

G 
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pressure—e.g. on high mountains, or under the receiver of an air- 
pump— water boils at a lower temperature than 100°. 

Water as it occurs in nature is never chemically pure; it con- 
tains varying quantities of mineral and organic substances dissolved 
or suspended in it. Natural waters may be divided according to 
their occurrence into : rain-water, spring-water, river-water, 
mineral waters, and sea-water. The last named contains the 
greatest quantity of dissolved mineral substances, principally 
common salt, and in such quantities as to make it quite unfit for 
drinking purposes." Mineral waters, of which many are used for 
medicinal purposes, contain very different substances dissolved in 
them, often in considerable quantities. We distinguish : saline- 
waters, which contain as their chief constituent common salt, or, 
when bitter, magnesium sulphate (Epsom) ; carbonated-waters, with 
free carbonice acid and other mineral constituents (Apollinaris, 
Seltzer) ; a/kaline-waters, with considerable quantities of sodium 
carbonate, &c. (Vichy) ; chalybeate-waters, containing ferrous car- 
bonate, or some other compound of iron (Spa, &c.) ; sulphuretted- 
wwaters, with sulphuretted hydrogen gas dissolved in them (Harro- 
gate) ; szliceous-waters, containing silica (geysers of Iceland), &c. 

Ordinary spring- and river-waters contain a smaller quantity of 
mineral constituents than the true mineral waters. The chief 
substances contained in these waters are common salt, calcium 
carbonate, calcium sulphate, magnesium carbonate, magnesium sul- 
phate, and free carbonic acid. These substances are derived from 
the rocks of the district in which the spring occurs or through which 
theriver flows. Tales sunt aquae qualis terra, per guam fluunt. If 
a spring rises, for example, through chalky or limestone rocks, asin 
Kent, Berkshire, &c., the carbonic acid which the water obtains from 
the air enables it to dissolve and take up some of the chalk—calcium 
carbonate. Should the district contain gypsum (calcium sulphate), 
as in Cheshire, the water will dissolve a portion ofthis substance. If, 
again, the neighbouring rocks contain magnesia (e.g. the dolomite 
rocks of Derbyshire), a portion of the magnesium carbonate will 
pass into solution in the water. Lastly, spring- and river-water 
may be nearly pure if the rocks through which they pass ar 
chemically unacted upon by water. For this reason the natur 
waters in many parts of Wales and Scotland contain remarkabl 
small quantities of solid constituents. 


1 Sea-water contains about 3°6 per cent. of solids.—En. 
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Rain-water, the purest of natural waters, contains small quan- 
ttities of carbonic acid, compounds of ammonia and nitric acid, 
rparticles of dust, &c., which it takes up from the air in falling 
tthrough it. 

Ordinary potable waters are roughly divided into two classes: 
hardand soffl. A hard water requires more soap to produce a 
good lather, and does not boil vegetables so well as soft water. 
!Hard waters may further be divided into Zemporarily hard and 
(bermanently hard waters. The former become soft on boiling or 
con the addition of lime-water ; their hardness is due to calcium 
ccarbonate, which they contain held in solution by carbonic acid. 
(On boiling, the gas is driven off, and the calcium carbonate (chalk) 
cdeposited ; this is how the /wr of kettles and the scale of boilers 
aare produced. On the addition of lime-water, the lime combines 
with the carbonic acid to form calcium carbonate, which is pre- 
ccipitated with that originally present, according to the equation :— 


'CO-0,Ca + CO, + Ca(OH), = 2CO-0,Ca + H,O. 
Calcium Carbonic Calcium Calcium Water 
carbonate acid hydrate carbonate 


Permanently hard waters contain either calcium sulphate 
((gypsum) or some compound of magnesium. As their name 
'implies, they are not softened by boiling, because the salts which 
ccause their hardness are slightly soluble in water under all con- 
cditions. 

Well-water, especially in towns, or near dunghills or stables, is 
voften contaminated with nitre and other nitrates, and organic 
matter, produced from the decomposing animal matter which 
rpenetrates through the soil. Such water often appears quite bright 
and häs no unpleasant taste, but if drunk it may be exceedingly 
\injurious to health. Many epidemics of typhoid and other diseases 
may be traced to the use of water contaminated with decomposed 
vorganic substances. The influence of the drinking water of a town 
con the general health has of late years been more and more gene- 
rrally acknowledged, and hence the importance of supplying all 
ttowns with ample quantities of wholesome water. 


Chemically pure water is thus unknown in nature, In order to 
}prepare it, ordinary water is converted into steam by heating it, 
sand this again condensed in suitable vessels to liquid water. This 
[process is called distillation, and the water so prepared is distilled 
water, 
| 
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The simplest apparatus for this purpose is an ordinary glass 
retort, furnished with a receiver for cooling, also of glass. For the 
preparation of larger quantities of distilled water the steam is 
evolved from the top of a metallic boiler, best of tinned copper, 
and condensed in a tinned tube by cold water. The process of 
the slow distillation of water goes on largely in nature. Clouds 
are produced from the aqueous vapour formed by the slow evapo- 
ration of the water of rivers and the sea ; and rain falls when this 
water vapour is still further condensed. Rain-water or melted snow 
is thus distilled water, and might be used in place of the latter 
if it were not rendered slightly impure by falling through the air. 

In order to determine whether a specimen of water is pure, or 
at least free from mineral substances, a portion may be evaporated 
to dryness in a clean silver or platinum dish. Pure distilled water 
leaves no trace ofa solid residue. Shoulda residue remain which 
blackens on heating, organic matter is present in the water, although 
the water may be contaminated with organic substances and the 
residue not blacken on heating. 


Water is the common solvent for a large number of solids— 
acids, bases, and salts. A solution is said to be safwrated, when it 
can take up no more of the substance dissolved in it. 'The quantity 
of a substance required to produce saturation depends chiefly on 
the temperature ; most bodies are more soluble in hot than in cold 
water, and we therefore distinguish between a hot and a cold satu- 
rated solution. 

A hot saturated solution of a substance, which is more soluble 
in hot than cold water, usually deposits the excess on cooling in 
the solid state—often as crystals. 

The hot saturated solutions of some bodies, if allowed to stand 
quietly while cooling, do not deposit the excess of the salt. But 
when the cold liquid is touched with a solid body, or when a 
particle of dust falls into it from the air, crystallization begins 
at once, and in some cases (e.g. sodium sulphate) the quantity of 
salt separated is so great that the whole mass becomes solid, Such 
solutions are called swpersaturated solutions. Even water itself 
possesses a similar property. When in quite clean vessels, free 
from grease, it can be cooled several degrees below o° without 
solidifying ; but the slightest shaking is then sufficient to immedi- 
ately convert the whole mass into ice. 

Water is also a solvent for many liquids—e.g. sulphuric acid, 
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:alcohol, glycerine. But as the solution in these cases is mutual— 
ıZ.e. water dissolves also in these liquids—we say that sulphuric 
‘acid and water, or alcohol and water, mix with one another. 
‘Sometimes the mixture of the two liquids, as those we have named, 
ttakes place in any proportion, but with other liquids only within 
certain limits. Water and ether mix with one another, but only 
within certain limiting proportions. Ifan excess of ether is added 
Üit will remain floating on the surface of the water undissolved. 

Nearly all gases are more or less soluble in water. Some, as 
sammonia and hydrochlorie acid, dissolve in very large quantities 
(up to 800 times the volume of the water or more). Inmthese cases 
‘a large quantity of heat is set free, owing to the change in aggre- 
gation, the gas losing its latent heat and becoming liquid. Other 
sgases only dissolve slightly in water, as carbonic acid, oxygen, 
i&c., while others, again, scarcely dissolve at all—e.g. hydrogen, 
ınitrogen. In all cases, when no stable chemical compound has 
!been produced, the dissolved gases may be again driven out by 
!boiling—for example, carbonic acid and ammonia ; hydrochloric 
‘acid, on the other hand, can be only partially expelled by boiling. 

Many substances, particularly salts, which separate out in the 
terystalline form from aqueous solutions, retain water mostly 
‘chemically combined in a loose manner. This water is called 
water of crystallization. Crystallized washing soda and Glauber’s 
:salt contain more than 50 per cent. of this water. According to 
the temperature at which the crystallization takes place, the 
‚quantity of water of crystallization taken up by any particular 
‘compound may vary, but the weight of the water is to the weight 
(of the substance with which it is combined always in some 
‘definite proportion of their molecular weights. In crystallized 
:soda, one molecule of sodium carbonate is combined with ten 
ımolecules of water; common alum contains one molecule of 
}potassium-aluminium sulphate united with twelve molecules of 
water. 

Many compounds (e.g. soda) contain their water of crystal- 
Ilization so loosely united, that they part with it, or a portion of it, 
‘on standing in the air. The crystals then lose their lustre and 
‘shape, they become dull, opaque, and often fall to pieces, being 
‚converted into an amorphous powder. This phenomenon is called 
‚elorescence. The reverse of this, or the attraction which many 
erystalline and other solids have for water, so that if exposed to the 
‚air they take up water and ultimately form a liquid, is called deö- 
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quescence. Calcium chloride and magnesium chloride are ex- 
amples. All salts do not combine with water when they crystal- 
lize out from an aqueous solution; common salt, nitre, potassium 
chlorate and others crystallize without water. Weare unacquainted 
with the cause of this different behaviour. 

Those compounds which do not lose their water of crystallization 
at the ordinary temperature do so at 100° or a slightly higher 
temperature. Many salts, however, contain a portion, usually one 
molecule, of their water of crystallization more firmly combined. 
Blue vitriol (copper sulphate), which crystallizes with five molecules 
of water, readily gives off four of them at 100° or 120°, but may be 
heated up to 180° without losing the last, which it only does at a 
temperature between IıSo’ and 200°. Green vitriol (ferrous sulphate) 
and other similar salts, which crystallize with seven molecules of 
water, retain their last molecule in the same fiirm manner. 

This last molecule of water is not really water of crystallization. 
It may be called water of constitution, because it can be displaced 
by salts. Zinc sulphate crystallizes with seven molecules of water 
(SO,-O,Zn +7H,0), but the double salt of zinc sulphate and potas- 
sium sulphate, which crystallizes out from a mixed solution ofthe two 
salts, does not contain seven but only six molecules of real water 
of crystallization (SO,-O,Zn + SO,-O,K,+6H,0). The seventh 
molecule of water in the zinc sulphate has been displaced by potas- 
sium sulphate. 


If we bring sulphuric anhydride or calcium oxide into contact 
with water, a large quantity of heat is set free and the substances 
unite with one another to form compounds from which the water 
can be only difficultly or not atall expelled by heat. If the pro- 
duct ofthe union of sulphuric anhydride and water, which has the 
composition SO,+ H,O, be heated up to 340°—.e. far over the 
boiling point of water—the water is not expelled, but the whole 
compound distils over. But we can again obtain water from it at 
the ordinary temperature by adding a metallic oxide. In the same 
manner, water is set free on the addition of an acid to the com- 
pound of calcium oxide with water. Such compounds are called 
hydrates, and the water, water of hydration (p. 56). 

In reality these hydrates do not contain water as such. The 
compound produced by the ‘union of calcium oxide and water 
(slaked-lime) is not to be considered as a compound of the two 
substances, and cannot, therefore, be represented by the formula 
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(Ca0,H,O. It is a calcium salt, which may be compared with 
ccalcium nitrate, containing two atoms of hydrogen in the place of 
tthe two atoms of the radical NO,. Thus :— 


(O.NO, = OE 
Ca|o.NO, Ca\oH 
Calcium nitrate Calcium hydrate 


In the same manner, the acid hydrates (the true acids), for ex- 
:ample, sulphuric acid, nitric acid, are not really compounds of 
water, but salts containing hydrogen instead of a metal :— 

50, + H,O = 50, 19H 

The hydrates may be called Aydrogen salts, and there are two 
ı classes to be distinguished : (i.) those in which the hydrogen takes 
the place of a metal—the oxy-acids ; (il.) those in which the hydro- 
‚gen displaces an acid-radical—the hydrates proper—as, calcium 

hydrate, potassium hydrate (KOH), &c. 

Many of these compounds are easily decomposed, some even 
(copper hydrate) under 100°. Others are so unstable that they 
cannot exist at the ordinary temperature of the air, or under 
ordinary conditions generally. If a strong base is added to an 
aqueous solution of a mercuric salt, mercuric oxide and not mercuric 
hydrate is precipitated ; and from an aqueous solution of a carbon- 
ate, a strong acid will liberate carbonic anhydride (commonly 
called carbonic acid), and not its hydrate or the true acid. 


The crystals of many salts, which crystallize without water, 
often enclose small quantities of water mechanically. On heating 
these crystals they break into pieces, often with violence, or, as we 
say, they decrepitate. 

Water is deposited on solid bodies from the air, and the quantity 
depends upon the nature of the substance, temperature, relative 
moisture of the air, &c. In order to remove this moisture, or 
generally to abstract loosely combined water from bodies which 
will not bear heating, the substances are placed under a desiccator — 
2.e. in a closed space in which the air is kept dry, and the water- 
vapour which is given off is chemically absorbed. This may be 
best done by concentrated sulphuric acid. The simplest construc- 
tion for a desiccator is a bell-jar with ground edge, which is placed 
on a ground-glass plate over a vessel of sulphuric acid and a separate 
vessel containing the substance. The air in the bell-jar becomes 
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quickly dried by the sulphuric acid, and then the moisture, which is 
evolved from the water into the dry space, is also absorbed. 

The process may be much accelerated, if the air in the bell-jar 
is partially or entirely exhausted. Such an arrangement is shown 
in fig. 34. The ground-glass plate is cemented to a plate of iron, 
which is borne by a brass support. A hole is made in the glass 
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Fig. 34: 


and through the iron plate down the brass support to the side tube, 
above which is a stop-cock. The side tube is connected by a thick 
piece of india-rubber tubing with a water-air pump, as shown. If 
now the pump is set in action, the air under the bell-jar soon be- 
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comes partially exhausted, and, by closing the stop-cock, may be 
|preserved for several days in this condition. 

In order to drive off hygroscopic water, or water of crystalliza- 
ition, from those bodies which can be heated without suffering 
ıdecomposition, an azr-dath is used. Such an apparatus of the 
:simplest construction is shown in fig. 35. It consists of a copper 
vessel of which the parts are brazed together and of which the 
ifront side opens to form a door. The substance to be dried is 
;placed on a piece of wire gauze, about 6 centimetres from the bottom 
































Fig. 35. 


cof the vessel. After closing the door, the vessel is heated by a 
:gas-lamp, and the flame regulated by the thermometer inserted 
iinto the bath from above. In order to get rid of the water-vapour 
which is thus produced, an opening is made in the top near the 
tthermometer, and a second in one of the side walls just over the 
bottom. By this arrangement, a slow and continual stream of air 
“flows through the warm bath, carrying with it the water from the 
ssubstance which is to be dried. 
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HYDROGEN PEROXIDE. 
Composition : H,O,. 


Besides water there exists another compound of oxygen and 
hydrogen which contains twice as much oxygen as water. This 
compound, called hydrogen peroxide or hydroxyl, was discovered 
by Thenard in 1818. . 

It is a colourless, transparent, viscid liquid, with a peculiar 
odour, mixes with water in every proportion, is not yet known in 
the solid state, and is very easily decomposed. The pure com- 
pound is decomposed even at 15° or 20° into oxygen and water ; in 
an aqueous solution, especially when containing a little hydrochloric 
acid, it is much more stable. 

Hydrogen peroxide cannot be prepared directly from oxygen 
and hydrogen, but is formed when the oxygen of peroxides com- 
bines with hydrogen or water. Some peroxides (for example, 
those of manganese or lead) cannot be used for its preparation ; 
it is best to employ barium peroxide, obtained by heating barium 
oxide in a stream of oxygen. 

The barium peroxide, when finely powdered and mixed with 
dilute hydrochloric acid, decomposes, not like manganese peroxide 
when so treated to form water and chlorine, but into barium chloride 
and hydrogen peroxide :— 


Ba0, + 2HCl =2 Bael, #7 7E50;. 
Barium Hydrochloric Barium Hydrogen 
peroxide acid chloride peroxide 


The preparation of the pure substance is tedious and difhcult. 
The barium may be precipitated out of the solution by dilute sul- 
phuric acid, and the hydrochloric acid by silver sulphate, and then 
the sulphuric acid exactly precipitated with baryta water, by which 
means a dilute aqueous solution of the substance is obtained. This, 
on concentrating by evaporation in vacuo, decomposes all the 
more readily into oxygen and water, the more concentrated it be- 
comes. 

The chemical behaviour of hydrogen peroxide is very remark- 
able. The readiness with which it decomposes into nascent oxygen 
and water makes it one of the most powerful oxidizing agents for 
many substances—e.g. for arsenic, sulphurous acid, and many 
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metallic sulphides. Black lead sulphide is easily converted by it 
into white lead sulphate. In old oil paintings, in which the light 
colours produced by white-lead have gradually darkened owing to 
\the formation of lead sulphide, the original colours may be again 
produced by carefully washing with a dilute solution of hydrogen 
ıperoxide. This then converts the lead sulphide into lead sulphate, 
without damaging the picture. 

Hydrogen peroxide acts, however, upon many substances as a 
‚reducing agent and abstracts oxygen. If an aqueous solution is 
added to silver oxide (or manganese peroxide), the liquid froths up 
;and evolves considerable quantities of oxygen. The atom of oxygen 

wbich the peroxide contains more than water unites with an atom 
of oxygen from the silver oxide to form a molecule, and the silver 
oxide is at the same time reduced to metallic silver :— 


H,O, + AgO = H,O + O0, + Ag. 
Hydrogen Silver Water Oxygen Silver 
peroxide oxide 


In the same manner manganese peroxide is reduced to man- 
ganous oxide, which, when the liquid contains a free acid, unites 
with it, forming a salt. This remarkable reaction may be used to 
determine roughly whether a given solution contains much or little 
hydrogen peroxide. The solution is poured on a little powdered 
black oxide of manganese contained in a test-tube when a rapid 
evolution of oxygen at once begins, sufficient to show its presence 
by kindling a glowing chip of wood. 

To detect traces of hydrogen peroxide in an aqueous acid liquid, 
a little ether is added, and one drop of a solution of potassium 
bichromate ; after shaking, the ether. as it rises to the surface, is 
found to be tinged with a beautiful blue colour, due to some com- 

. pound of chromium probably containing more oxygen than chromic 
acid. 





DZONE, 


Composition: O,,. 


It was long known that on turning the glass plate of an elec- 
trical machine a peculiar odour may be noticed, very similar to 
that produced when phosphorus is allowed to oxidize slowly in 
moist air. Careful experiments have shown that the cause of this 
odour is a chemical compound produced by these and other pro- 
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cesses from the oxygen of theair. To this body the name ozone 
has been given. 

Ozone is an allotropic modification of oxygen, and its relation 
to ordinary oxygen is somewhat the same as that of ordinary 
phosphorus to the red amorphous modification of this element. 
In the same manner as ordinary phosphorus has a much more 
powerful affınity for oxygen, sulphur, and other elements than 
the red phosphorus, so the affınity of ozone for most substances 
is very much greater than that of ordinary oxygen. And, 
again, as common phosphorus is converted into the red variety 
on heating, so also is ozone converted by heat into ordinary 
oxygen. 

Ozone has never yet been prepared chemically pure, and particu- 
larly never free from ordinary oxygen. In all attempts to convert 
oxygen into ozone, a considerable quantity, always the greater 
part of the former gas, remains unchanged. Our ideas, therefore, 
of the properties of ozone refer only to a mixture of it with oxygen. 

It is a colourless gas, with a very intense odour, soluble in 
water, to which it imparts its smell ; it acts in an irritating manner 
when inspired, and attacks the bronchial tubes in the same manner 
as chlorine. Ozone is condensed to the liquid state more easily 
than oxygen, and then forms a blue liquid of varying tints according 
to the pressure. 

ÖOzone occurs in atmospheric air, although only in very minute 
quantities. Itis produced from the oxygen of the air in places 
where water evaporates quickly, particularly in the neighbourhood 
of the sea and of the salt-works in Germany, where the brine 
evaporates spontaneously. Various organic compounds—e.g. oil 
of turpentine, oil of bitter almonds—possess the property, when 
exposed to the light, of converting the oxygen of the air into. 
ozone, absorbing it mechanically, and then yielding it up to other 
bodies. 

The partial conversion of oxygen into ozone may be brought 
about by allowing electric sparks to pass through the gas, or by 
allowing phosphorus, half covered with water, to oxidize slowly to 
phosphorous acid in a large vessel. In the latter case the ozone 
produced soon combines chemically with the phosphorous acid. 

The best method to obtain ozone in comparatively speaking 
large quantities is to subject a slow stream of oxygen or atmo- 
spheric air to the action of high electric potential without allowing 
sparks to pass through the gas. By this silent discharge of the 





sone. 93 


telectricity through the oxygen which then takes place several per 
ı cent. of the gas is converted into ozone—a very remarkable fact, 
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and one which suggests the question whether other gases might not 
also be changed in the same way. 

The figure on the preceding page (fig. 36) shows an apparatus 
which yields large quantities of ozone, and which may be easily 
made bya skilful glass-blower. Through the centre of the wooden 
lid of the cylinder AA passes a wide glass tube, open at the top 
and closed at the bottom. At the lower end of this tube, near the 
side, a narrow piece of glass tubing is melted, which is bent up- 
wards and again at right angles (a) above the lid. By thistube the 
oxygen enters, and by the tube 2 it leaves the el En when 
partially converted into ozone. 

In order to produce this conversion of oxygen into ozone, a 
second rather smaller tube is placed inside the wide one. This 
tube is also open atthe top and closed at the bottom, and the two 
tubes are melted together air-tight at the line cc, in such a manner 
that the gas, entering at a, passes through the narrow annular space 
between the two tubes, and finds an exit at 4. The inner tube and 
the wide cylinder are filled to about the same height with dilute sul- 
phuricacid (1 of acid to 10 of water) ; in each of them dips a piece 
of platinum foil to which is melted a piece of stout platinum wire. 
Both wires are now attached to a powerful induction coil, and at 
the same time dry oxygen is allowed to enter at a. 

The two platinum plates and the sulphuric acid with which they 
are in contact become strongly electrified, and discharge themselves 
silently, without the. production of sparks, through the space 
between the two tubes, by means of which the oxygen is partially 
converted into ozone. 

Ozone is one of the most powerful oxidizing agents. It so 
exceeds ordinary oxygen in this respect that it often oxidizes bodies 
at the ordinary temperature which only combine with oxygen when 
heated. The metal mercury, which may be kept for years in 
the air without any alteration, becomes at once covered with a 
film of the oxide when exposed to the action of ozone. Silver is 
also oxidized and converted into the peroxide by ozone. Sulpbu- 
retted hydrogen and sulphurous acid are rapidly converted into 
sulphuric acid, and black lead sulphide, which remains unchanged 
for years in ordinary oxygen, is at once changed into white lead 
sulphate. 

In the same manner as chlorine, ozone easily expels iodine 
from its compounds. lodine, when free but not when combined, 
possesses the property of colouring starch paste blue, even when 
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«only minute traces of it are present. If, therefore, dilute starch 
ıpaste is mixed with a solution of potassium iodide and strips of 
\white paper are moistened with the mixture, the paper will become 
|blue when brought into contact with air containing ozone, and the 
reaction will be all the more rapid the greater the quantity of ozone 
| present. 

This very delicate test enables us to find out whether air con- 
Itains ozone." The reaction is expressed by the equation :— 


2KI + ©, + HO => 3KOH + I + ©. 

Potassium Ozone Water Potassium lodine Oxygen 

iodide' hydrate 

The powerful oxidizing action of ozone makes it an energetic 
bleacher, and if it should later happen that ozone could be pre- 
pared in such quantities and as easily as chlorine, it would be very 
generally employed for this purpose. The success of the old 
process of meadow bleaching depends probably upon the action 
of ozone, this substance being produced in small quantities by the 
rapid evaporation of the water contained in the linen by the sun’s. 
rays. Even indigo, which is otherwise a very permanent colour, 
cannot withstand the action of ozone. It is soon decolorized and 
converted into a new chemical compound by the action of ozone 
upon it. 

The difference between the molecular composition of ozone 
and ordinary oxygen has been determined by experiment. It was 
found that when electric sparks passed through oxygen, or, better, 
when the gas was subjected to the silent discharge, its volume 
diminished. The ozone which was produced must therefore be 
denser than oxygen. Exact experiments yielded the result that 
by this process three volumes of oxygen were condensed to two 
volumes of ozone, so that ozone must be one and a half times as 
dense as oxygen. And it was further observed that when the 
mixture of ozone and oxygen was again converted into oxygen by 
heating it regained its original volume. 

From these experiments, and from the fact that the molecule of 
oxygen contains two atoms, it is concluded that the molecule of 
ozone contains /hree atoms. If this is correct, the powerful 
oxidizing properties of ozone are explained on the supposition that 
its molecule breaks up into a molecule and a free atom of oxygen— 


! "This test does not prove conclusively that ozone is present, as other bodies, 
such as nitrous acid, hydrogen peroxide, also colour the paper blue. —Eo. 
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O,=0,+0-—the latter then exercising the same force of affınity 
as oxygen in the nascent state—e.g. when set free by the electric 
current. 

Ozone, like hydrogen peroxide, is thus a valuable and easily 
obtained source of nascent oxygen. It may possibly assume very 
considerable importance in medicine and the arts at no distant 
date. t 


THE HALOGENS OR SALT-PRODUCERS. 


The four elements chlorine, bromine, iodine, and fluorine are 
grouped together under this name because they form salts by 
direct union with the metals (äAs, sea-salt, and yevvao, I produce). 
These salts are called Aaloid-salts to distinguish them from the 
oxy- and sw/pho-salts. The haloid-salts consist of two elements, 
the halogen element and a metal—for example, sodium chloride, 
“NaCl; while the oxy- and sulpho-salts contain at least three 
elements, a metal and a simple or compound radical united to- 
gether by oxygen or sulphur—for example, potassium nitrate, 
NO,-OK. 

It was thought at one time that every acid and every salt 
must contain oxygen, and it was long imagined that this element 
was present in the haloid-salts and that chlorine, bromine, &c., 
were compounds of oxygen. As, however, all attempts to detect 
oxygen in the halogens, and as salts of the halogens really con- 
taining oxygen were discovered later—for example, potassium 
chlorate (ClO,-OK)—the halogens are now considered as ele- 
ments, as long as we are unable to decompose them. 

The chemical compounds of the halogens, particularly those of 
chlorine, bromine, and iodine, are so similar that they are often 
difhicult to distinguish from one another. It is thus all the more 
remarkable that these three elements should possess such very 
different physical properties in the free state. Chlorine is a 
greenish-yellow gas, bromine a dark red-brown liquid, and iodine 
is a dark grey crystalline solid with metallic lustre. 
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CHLORINE. 


































Chemical Symbol : Cl,—Atomice Weight: 35'5. 


This element does not occur free in nature, but only combined ; 
jits chief compound is common salt (sodium chloride), in which it 
jis united with the metal sodium. But although common salt is 
cone of the most widely distributed chemical compounds, chlorine 
}has only been known for about 100 years; it was discovered in 
11774 by Scheele, one of the discoverers of oxygen. 

Chlorine is a greenish-yellow gas with a powerful and peculiar 
codour, and owes its name to its colour (yAwpos, greenish-yellow). 
lIt possesses a density of 2'45 compared with air as unity. Its 
tmolecular weight is, therefore, 245 x 28'88=71 (p. 51), and its 
ımolecule, like that of hydrogen, contains two atoms. At a tem- 
perature of —40°, or under a pressure of about ten atmospheres at 
tthe ordinary temperature, it is condensed to a dark yellow liquid, 
with a specific gravity of 1'3. It is dissolved by water in larger 
quantities than oxygen. One volume of water at the ordinary 
ttemperature absorbs about 25 volumes of the gas, but at 0° a 
tmuch greater quantity. At the latter temperature it forms a 
cerystalline compound with water, having the composition, Cl, + 
110H,O,. 

If chlorine is breathed, even in small quantities, it attacks the 

corgans of respiration, causes inflammation of the bronchial tubes, 
sand so produces a very troublesome cough. In larger quantities 
lit may produce inflammation of the lungs, followed by death. The 
cchemist must therefore exercise caution in experimenting with this 
ssubstance. 
In the ordinary sense of the word, chlorine is not, like hydrogen, 
aa combustible body—z.e. if strongly heated in the air it does not 
!burn. But if an atmosphere of hydrogen be substituted for air, 
chlorine burns freely, and, conversely, a jet of hydrogen burns in 
chlorine with a pale, livid flame, producing hydrochloric acid. 
!From this we conclude that the affinity of chlorine for hydrogen 
is much stronger than for oxygen. Chlorine cannot support the 
ombustion of a piece of glowing charcoal or of a chip of wood, as 
carbon and chlorine never combine directly with one another. 


For the preparation of chlorine its hydrogen compound (hydro- 
H 
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chloric acid) is almost universally employed. In order to set the 
chlorine free from this compound, it is only necessary to abstract 
and convert the hydrogen into some non-volatile chemical com- 
pound. It will at once be remarked that the strong affinity of 
hydrogen for oxygen might be employed, and the chlorine obtained 
according to the equation :— 


2HCl +.0% = Cu, + 30; 
Hydrochloric - Water 
acid 


And, as a matter of fact, considerable quantities of chlorine may be 
obtained by passing a mixture of hydrochloric acid gas and air over 
red-hot pieces of brick (Deacon’s process). But by this method 
the chlorine remains mixed with large quantities of nitrogen, de- 
rived from the atmospheric air, and the process, though suitable for 
technical purposes, is quite unfit for the preparation of the pure gas. 

It is better to employ compounds containing oxygen, and par- 
ticularly those only loosely combined with the element, such as the 
peroxides. Most of the metallic oxides are so changed by the 
action of hydrochloric acid that the corresponding chloride and 
water are produced, thus :— 


MnO + 2HCI = MnCl, + H,O. 


Manganous Manganous 
oxide chloride 


Some peroxides behave in the same manner—e.g. manganese per- 
oxide :— 


MnO, + 4HCl = MnCl, + 2H,0. 
Manganese Manganese 
peroxide tetrachloride 


But these metallic perchlorides are very unstable bodies, and are 
easily decomposed into the lower chloride and water :— 


MnC, = MnC, + Ch, 
Manganese Manganous 
tetrachloride chloride 


From these two equations it is seen how chlorine may be pre- 
pared from manganese peroxide and hydrochloric acid, and how 
only one half of the chlorine is set free. 

The preparation of chlorine, according to this method, is best 
carried out by placinga small quantity of the powdered black oxide 
of manganese in a large glass flask, and then adding commercial 
hydrochloric acid until the flask is about one-third full. It is not 
advisable to introduce more than this into the flask, since the mass 
froths up during the evolution of the chlorine When the black 
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ıoxide has been thoroughly mixed with the hydrochloric acid, it is 
gently heated over a gas flame. The reaction begins at the 
‘ordinary temperature, and only requires a very gentle warmth to 
continue it. The atmospheric air is then gradually expelled by the 
|Iheavier chlorine, and finally the gas itself issues from the tube, 
which passes through the cork in the neck of the flask. 

The chlorine so prepared is always mixed with vapours of 
!hydrochloric acid. In order to separate these vapours, and, at the 
‘same time, to dry the gas or abstract the water-vapour which it 
contains, it is passed through two wash-bottles, of which the first is 
































Fig. 37. 


|!half filled with water, and the second with concentrated sulphuric 

‘acid. The waterabsorbs all the hydrochloric acid, together with a 
llittle chlorine, and the sulphuric acid removes most of the water- 
\vapour, which is carried over from the first wash-bottle. 

Chlorine, unlike oxygen and hydrogen, cannot be collected over 
\tmercury, as it combines chemically with this metal at the ordinary 
Ittemperature. If it is to be collected over water, the water is first 
\tmade luke-warm, as warm water absorbs much less of the gas than 
«cold. If avessel is required full of dry chlorine, the tube delivering 
itthe gas is led to the bottom of the vessel (fig. 37). The chlorine 
‚then gradually displaces the lighter atmospherie air, and the 
| Hz 
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yellow coloured gas may be readily perceived as it rises in the jar. 
In order to lessen the communication with the external air, the 
mouth of the jar is loosely closed with a plug of cotton-wool. The 
chlorine is led into the jar until the interior appears uniformly 
coloured, by which time most of the air has been expelled. All 
such operations with chlorine must be conductedin a good draught 
of air, on account of the poisonous nature of the gas. 

In this method of preparing chlorine, sulphuric acid and 
common salt may be used instead of the hydrochloric acid. An 
intimate mixture of one molecular weight of common salt with at 
least two molecular weights of manganese peroxide is prepared, 
and an excess of dilute sulphuric acid poured over the mixture. In 
this way all the chlorine is obtained from the common salt, and 
the end products of the reaction are acid sodium sulphate, man- 
ganous sulphate, water, and chlorine :— 


2NaCl + MnO, + 350,10H_ 
Sodium Manganese Sulphuric 
chloride peroxide acid 
(ON 
SO-,0,Mn + 250,104” + Ch, + 2H,O. 
Manganous Acid sodium 
sulphate sulphate 


But the preparation of chlorine from commercial hydrochloric 
acid and black oxide of manganese is always to be preferred ; it is 
more rapid and more advantageous, and the bye-product, man- 
ganous chloride, may be easily purified. 

Chloride may also be obtained by the electrolysis of asaturated 
aqueous solution of common salt, or of hydrochloric acid, by em- 
ploying electrodes of gas-carbon, and placing a bell-jar filled with 
the same liquid over the positive electrode. 

The chemical affinity of chlorine for most of the metals and 
non-metals is very powerful, and in many cases it even exceeds 
that of oxygen. The elements, oxygen, fluorine, nitrogen, and 
carbon, do not, hovrever, combine directly with it, even at the 
highest temperatures. But compounds of these elements (except 
fluorine) with chlorine may be prepared in an indirect manner. 

The affınity of chlorine for hydrogen is particularly powerful, 
Equal volumes of thetwo gases, mixed in darkness or candle-light, 
unite to form hydrochloric acid when exposed to direct sunlight, or 
when brought into contact with a burning body or an electric 
spark. The quantity of heat which is set free on the union of the 
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two gases and the consequent expansion is so great that even 
thick vessels are burst with a loud explosion. A mixture of one 
volume of hydrogen and one volume of chlorine when ignited pro- 
duces the same effects, and for the same reason, as a mixture of 
two volumes of hydrogen with one volume of oxygen. A jet of 
hydrogen, however, when ignited in the air and plunged into a 
jar of chlorine, continues to burn quietly with a pale flame, also 
producing hydrochloric acid. 

The affınity of chlorine for hydrogen is under some circum- 
stances stronger than that of oxygen for the same element. An 
aqueous solution of chlorine, exposed to the light, gradually loses 
its colour ; the chlorine expels the oxygen from the water and 
hydrochloric acid remains behind. 

Sulphur unites with chlorine at the ordinary temperature, and 
more quickly when heated, to form the red volatile liquid, sulphur 
chloride. 

Phosphorus, which at the ordinary temperature neither ignites 
in air nor in oxygen, catches fire at once in chlorine, forming one 
of the chlorides of phosphorus. 

Antimony, when finely powdered and shaken into a jar of 
chlorine, Lurns with light and heat to form antimonic chloride. 
Copper, in a finely divided state, as Dutch metal, behaves in the 
same manner, the compound produced being cupric chloride 
(CuCl,), corresponding to that formed when copper burns in 
oxygen, cupric oxide (CuO). 

Sodium burns in a stream of chlorine, and becomes incrusted 
with-sodium chloride, which is identical in every respect with the 
naturally occurring common salt. 

A lighted taper, the wax or fat of which consists essentially of 
carbon and hydrogen, when introduced into a jar of chlorine, con- 
tinues to burn, but only feebly and with a dull red light, large 
quantities of soot being at the same timeliberated. The hydrogen 
of the wax unites with the chlorine, while the carbon is set free. 
The same phenomena is shown still more strikingly with volatile 
hydrocarbons rich in hydrogen—for example, oil of turpentine. 

Many organic substances are decomposed by chlorine at the 
ordinary temperature, and in diffused daylight, the decomposition 
being often accompanied by a change in colour. If chlorine is led 
into a blue solution of indigo, or into ordinary black ink, or if 
chlorine water is added to either of these liquids, they both be- 
come yellow owing to the formation of new chemical compounds. 
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Fresh flowers, and calico coloured with organic colours when 
moistened with chlorine, lose their colours, or, in other words, they 
are bleached. 

We are acquainted with the new chemical compounds produced 
by the action of chlorine on indigo and on ink ; we know that 
indigo-blue is converted into yellow isatin chloride, which can be 
separated and obtained in a crystalline form. But in most other 
cases, particularly with regard to the unknown colouring matter of 
flowers, we are as little acquainted with the products of decomposi- 
tion, when bleached by chlorine, as we are with the chemical 
nature of the colours themselves. | 

The action of chlorine in these processes often consists in the 
abstraction of one or more atoms of hydrogen, which unite with 
the chlorine to form hydrochloric acid, while a similar number of 
atoms of chlorine takes the place of the displaced hydrogen. This 
process of swöstitution, as it is called, often takes place in many 
colourless organic compounds ; the well-known colourless phenol, 
(carbolic acid), for example, is easily converted by chlorine into 
monochlorphenol, dichlorphenol, and even trichlorphenol. 

In other cases, chlorine acts as an oxidizing agent. We have 
already seen that chlorine can decompose water in sunlight, 
forming hydrochloric acid and oxygen ; and if at the same time 
substances capable of easy oxidation are present—and to these 
belong many organic colouring matters—they become oxidized by 
the oxygen set free from the water. In most cases, as in the 
conversion of indigo into isatin chloride, both processes go on 
together. 

The bleaching properties of chlorine make this substance o. 
great practical value. Linen which was previously bleached by 
exposing it to sunlight on green meadows for weeks together, is 
bleached by chlorine in as few minutes as the old method required 
weeks. In the arts, free chlorine is, however, not employed, but a 
compound called bleaching powder or chloride of lime, which 
easily yields up its chlorine, and which is much easier to manage 
and much less dangerous than the free gas. Books or engravings, 
which, in course of time, have become stained, may be rendered 
completely white by placing them for a short time in fresh chlorine 
water. The printing ink, which consists essentially of carbon 
(lamp-black), is unacted upon by the chlorine. Characters in 
ordinary writing ink, which is an organic compound, are at once 
completely bleached. 
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In all cases in which chlorine or bleaching powder has been 
wused for bleaching purposes, care must be taken that the chlorine, 
which adheres mechanically, is afterwards completely removed. 
ILinen, calico, or paper when bleached with chlorine, retains chlorine 
iin the pores so persistently, that it cannot be got rid of by repeated 
washing with water. Alone this chlorine would have no bad 
ceffect, but under the action of light it produces with water hydro- 
chloric acid, which destroys the organic tissues, rendering the 
fabric so brittle, that it ultimately falls to pieces. The chlorine 
which is left in the pores of the fabrics, after they have been 
\bleached and thoroushly washed, must be removed by chemical 
ımeans. For this purpose substances are chosen which are easily 
«oxidized and which themselves exert no injurious action, as calcium 
:sulphite or sodium thiosulphate. The former substance is trans- 
iformed by chlorine in the presence of water into calcium sulphate 
‘(gypsum), the latter into sulphur and sodium sulphate. A 
:substance used for this purpose is called an anfchlor. Linen 
|bleached in this way is whiter and lasts longer than that bleached 
|by the old method of exposing it to the light and air. 

The property which chlorine possesses of decomposing and 
ıchemically altering organic and particularly organized bodies gives 
it another practical application. Chlorine acts as a most powerful 
ı disinfectant ; it destroys the organic substances which collect in 
‘the air of closed spaces, particularly in the chambers of patients 
:suffering from infectious diseases. Experience has shown that 
‘the air of sick rooms is purer and healthier when small quantities 
of chlorine are allowed to evaporate from time to time. This is 
best done by placing a little chloride of lime in one or more 
saucers, and moistening it with a little common vinegar. Small 
‘ quantities of chlorine are then gradually set free. 


Chlorine Hydrate : Cl,+ 10H,0. 


Water, which at the ordinary temperature only absorbs a little 
more than twice its volume of chlorine, takes up large quantities at 
‘0°, and forms a chemical compound, having the composition shown 
above. This compound is produced, as small erystalline platesof a 
yellow colour, by leading chlorine into ice-cold water, until finally 
the whole liquid becomes semi-solid. The cerystals may be filtered 
off at a temperature below 0°, and freed from adhering water by 
pressing between blottıng paper. At a few degrees above 0° 
the hydrate is again decomposed into its corstituents. This 
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property affords an easy method for the preparation cf liquid 
chlorine. The chlorine hydrate is pressed into the end of a thick 
bent glass tube, which stands in a freezing- 
mixture, and after a few pieces of calcium 
chloride have been placed above it, the open 
end c (fig. 38), is fused together by the blow- 
pipe. If now the limb c is placed in a freezing 
mixture and the other limb @ gently warmed, 
the chlorine which is set free condenses in c by its own pressure 
to a yellow liquid, while the water is retained by the calcium 
chloride. 





Fig. 38. 





HYDROCHLORIC ACID (Muriatic Acia). 
Composition: HC). 


This substance, the only compound of hydrogen and chlorine, 
occurs in small quantities in the gases emitted from volcanoes. 

It is a colourless gas which fumes strongly in the air, possesses 
a suffocating odour and taste, and a strong acid reaction. Its 
specific gravity compared with air as unity is 1'26, and its mole- 
cular weight is therefore 1'26 x 28:88 = 36'39 (p. 51), corresponding 
to the formula given it above. Under a pressure of 25 atmo- 
spheres and at a temperature of — 4° it is condensed to a colourless 
liquid. Water dissölves large quantities of the gas forming ordi- 
nary (aqueous) hydrochloric acid. 

Hydrochloric acid is produced by the direct union of chlorine 
and hydrogen, with a large evolution of heat, when about equal 
volumes of the gases are mixed and exposed to direct sunlight, or 
when raised to the temperature of combustion by an electric spark 
or aflame. Ifa very thin glass flask (or better, a thin glass bulb) 
is filled in the dark with a mixture of equal volumes of hydrogen 
and chlorine, corked firmly, and then exposed to bright sunshine, 
the moment when the first ray of sunlight strikes the flask or bulb, 
the union of the two gases at once follows, and the flask is burst 
by the force of the loud explosion. The combination takes place 
more slowly in diffused daylight, and is only produced’ suddenly 
with an explosion when the two gases are mixed in eraci/y equal 
proportions in the dark. This mixture of exactly equal volumes 
may be obtained by the electrolysis of strong aqueous hydrochloric 
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:acid by gas-carbon electrodes, and collecting the mixed gases 
ttogether after all the air has been expelled from the liquid and the 
ıporous carbon, and after the liquid over the positive pole has 
!become perfectly saturated with chlorine. 

When one volume of chlorine unites with one volume of hydro- 
gen no condensation occurs, as when oxygen and hydrogen com- 
!bine together, but two volumes of hydrochlorie acid are produced. 
(One volume ofthe compound gas consists, therefore, of halfa volume 
cof chlorine and half a volume of hydrogen. From this it follows 
that the molecule of hydrochloric acid consists of $ molecule = ı 
aatom of chlorine, and 4 molecule = ı atom of hydrogen ; from this 
aalso its density may be calculated, and will be found to agree with 
eexperiment, thus :— 


ı vol. chlorine . - : . weighs 2'450 
I „ hydrogen . ; ; ö „0'069 
2 „ hydrochloric acid j : 0 22819 
I „ ”» „ 7 nd „ 1 ‘26 


Again, since 2°519 parts by weight of hydrochloric acid contain 
2245 parts of chlorine and 0:069 part of hydrogen, the percentage 
ccomposition of the gas, according to the usual simple process, 
is :— 

Hydrogen 2'74 parts by weight. 
Chlorine . i ; ; = 6726 R 





Hydrochloric acid . : . = 100°00 m 


In other words, this small quantity of hydrogen suffices to com- 
letely change the properties of more than 35 times as much 
chlorine on chemical union with it. 

That hydrochloric acid consists of hydrogen and chlorine in 
equal volumes may be proved by its electrolytic decomposıtion. 
piece of apparatus by which this experiment may be performed 
is shown in fig. 39. Two glass tubes of equal calibre, which are 
losed at the top by stop-cocks, are placed in a vertical position, 
and communicate by a side-tube with a third vertical tube, some- 
vhat longer, and enlarged at the upper end into a bulb. In the 
cower ends of the two tubes are two cylinders of gas-carbon, which 
are fitted in water-tight by caoutchouc stoppers, and which are 
Jlaced in connexion with the two poles of a galvanic battery. The 
«ubes are filled with strong aqueous hydrochloric acid (or a mixture 
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of hydrochloric acid and a strong solution of common salt) through 
the bulb-tube, the stop-cocks being open. On commencing the 
experiment, and for some,time afterwards, the stop-cocks are left 
open, so that the liquid in the tube where the chlorine is liberated 
may become saturated ; the chlorine which is evolved being carried 
away by a downward draught as shown in the diagram. If finally 





































































































































































































Fig. 39. 


the two stop-cocks are closed at the same time, hydrogen collects 
in one tube and chlorine in the other in equal volumes, and the 
liquid remains during the experiment at equal heights in the two 
tubes. The liquid which is displaced by the gases rises ın the 
third tube and collects in the bulb. We see, therefore, from this 
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xperiment that hydruchloric acid contains chlorine and hydrogen 
17 equal volumes. 

For the ordinary preparation of hydrochloric acid gas, common 
halt is almost exclusively used. This salt (sodium chloride), when 
mixed with concentrated sulphuric acid, gives a large quantity of 
ine gas at the ordinary temperature without heating, and is con- 
eerted into acid sodium sulphate :— 


x VOR u 
T B Ba 4 
NaCl + 80,195 = HCl + SO,|ONa 
Sodivm Sulphuric Acid sodium 
chloride acid sulphate 


But ifthe ordinary crystallized salt, which offers a large surface 
) the acid, is employed, the mixture always froths over. It is 
Inerefore better to use salt which has previously been melted and 
\ifterwards broken into moderately large pieces. This evolves the 
sas more slowly, as its surface is much smaller. The action com- 
hiences at the ordinary temperature, but must afterwards be sup- 
korted by a gentle heat. 
| If rock-salt is used for the preparation of hydrochloric acid, 
ae sulphuric acid must be mixed beforehand with an equal volume 
Hf water, and, to free the gas from aqueous vapour, it must be 
hassed through wash bottles containing concentrated sulphuric 


Aqueous Hyärochloric Acid. 


| In the ordinary language of the laboratory, hydrorchloric acid 
Iheans tbe solution of the gas in water. This is produced by pass- 
tg a stream of the gas through vessels containing water, which 
must be kept cold as long as absorption is going on. One volume 
ff water at o° can absorb about 500 volumes of hydrochloric acid 
aas, at 20° a less quantity, but still over 400 volumes. During this 
!bsorption a considerable quantity of heat is set free, partly in 
consequence of the chemical attraction between the gas and the 
rater, and partly because of the change from the gaseous to the 
(quid state. It is therefore necessary to keep the water cool, 
sspecially if a cold saturated solution ofthe gas is required. 

This solution of the gas in water (ordinary hydrochloric acid) 
ımes in the air and possesses the odour ofthe gas. It reacts and 
hastes acid even when very largely diluted with water. 

A completely saturated solution of hydrochloric acid at 0° has 
specific gravity of 121. On heating such a solution considerable 
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quantities of the gas are evolved, and the specific gravity dimin- 
ishes. When the specific gravity has become 1'145 the liquid boils 
at 100°. Even at this temperature more hydrochloric acid distils 
over than water ; but on continued boiling the relative quantity of 
the water passing over with the acid gradually increases, until the 
boiling point reaches 110°, when it remains constant. The liquid 
which distils over at this temperature has a constant composition 
and a constant specific gravity of r'1. 

This acid, which distils over at a constant temperature and 
which has a constant composition, does not fume in theair. I 
contains about 20 per cent. by weight of the gas. It is not, how. 
ever, atrue chemical compound, as its composition is altered if 
the Zressure at which it is made to boil is changed. The satu- 
rated solution at 0° contains about 42 per cent. by weight of the 
gas. 

Impure aqueous hydrochloric acid is obtained in large quan 
tities as a bye-product in alkali works, in that part of the process 
in which sodium chloride is converted into sodium sulphate by 
the action of sulphuric acid. The hydrochloric acid gas, which is 
given off in immense quantities, is led into large earthenware jars 
half filled with water, which communicate with one another, so, 
that the gas unabsorbed in the first is absorbed in the second 
and so on. 

The commercial hydrochloric acid so obtained fumes in the air 
and has generally a specific gravity of about 1'16, which corre 
sponds to about 33 per cent. of hydrochloric acid by weight. It 
is generally coloured yellow owing to the presence of iron (ferrie 
chloride) or organic substances, and contains besides small quanti 
ties of sodium chloride and sulphate, and always arsenious chloride 
if the sulphuric acid employed for its production contained arsenic, 
The presence of this substance may be recognized by the yellow 
precipitate of arsenious sulphide, produced when sulphuretted 
hydrogen is added to the acid. 

The commercial acid, free from arsenic, may be employed for 
the preparation of chlorine, and in all cases when the quite pure 
acid is not required. It may also be employed for the preparatiot 
of the pure non-fuming acid of specific gravity 11, by distilling in 
a glass retort until the boiling-point has become constant at 110) 
and then collecting the distillate. At least one-fourth of the whole 
must be left behind in the retort to retain all the impurities. 

Hydrochloric acid is one of the strong inorganic acids, and 
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wpels many other acids from their salts. With the metallic 
wides it forms metallic chlorides and water—e.g. 


CO + SHE = KGuch +08 
Cupric Hydrochloric Cupric Water 
oxide acid chloride 





m the same manner it decomposes many metallic sulphides 
kerrous sulphide, antimonious sulphide—liberating sulphuretted 
Iyydrogen. It also serves as a solvent for metals. Tin, which is 
Ixidized but not dissolved in nitric acid, easily dissolves in hydro- 
Ihloric acid, forming stannous chloride and hydrogen :— 


2, 
eS 


Sn. .# >SHCl = Snch #7 :B. 
Hydrochloric Stannous 
acid chloride 


With most of the peroxides it produces chlorine—e.g. manganese 
seroxide, lead peroxide. 

The presence of hydrochloric acid or of a soluble chloride in a 
iquid may be recognized by the white precipitate of silver chloride 
produced when silver nitrate is added to the solution. The pre- 
iipitate is easily dissolved by ammonia and turns black in the 
lüght. All chlorides yield chlorine when heated with manganese 
»eroxide and sulphuric acid, and the free chlorine may be easily 
ecognized by its odour and by its bleaching properties. 





OXIDES AND OXY-ACIDS OF CHLORINE. 


The chemical affınity of chlorine for oxygen is so slight that the 
wo elements cannot be made to unite directly with one another. 
ut compounds of chlorine and oxygen are produced when the one 
lement is brought into contact with the other in the nascent state, 
or by other indirect means. 

' We have seen that chlorine and hydrogen unite together only 
rn one definite proportion, but chlorine and oxygen form com- 
pounds in five different proportions, of which some are only known 
Nas oxygen compounds, others as oxy-acids, or in combination with 
wases as salts. With the exception of perchloric acid, these com- 
»ounds are very unstable, and easily decompose into their con- 
stituent elements, often with an explosion. 
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We distinguish the following compounds of chlorine and OXy- 
gen, in which the chlorine atom may have a valency from one to 
seven :— 

Oxides. Oxy-acıds. 
Hypochlorous anhydride . Cl,O Hypochlorous acid . ClIO-H 
Chlorous anhydride . . C1,O, Chlorous acid . . CIO-OH 
Chlorine peroxide . „.e1O; 

Chloric acid . . C1O,:0H 
Perchloric acid . C10,-OH 





CHLORIC ACID. 
Composttion: ClO,-OH. 


We may well commence our description of the compounds of 
chlorine and oxygen with the most important of them—chloric 
acid. The anhydride corresponding to this acid is unknown, and 
the acid itself is only known in an aqueous solution. In order 
to prepare it a solution of potassium chlorate is mixed with 
fluosilicic acid. The insoluble potassium fluosilicate is filtered off 
and the acid liquid neutralized with baryta water; this solution, 
when filtered and evaporated, deposits crystals of barium chlorate. 
An aqueous solution of this salt is made and dilute sulphuric acid 
carefully added, towards the last drop by drop, as long as a pre- 
cipitate of barium sulphate is produced. The acid liquid, contain-' 
ing the chloric acid, is then filtered off and evaporated in a vacuum 
over sulphuric acid ; it must not be heated, as it begins to decom- 
pose at temperatures over 40°. 

So prepared, it forms a thick acid liquid which has not yet been 
obtained in a crystalline form. 

The salts of the acid—the chlorates—are, however, more stable, 
and of these the potassium salt is the best known and most impor- 
tant. They are obtained when chlorine and nascent oxygen are 
brought into contact with an alkali, under certain conditions. 

Potassium chlorate—ClO,. OK—is produced in considerabl 
quantities when chlorine is led into a Aof concentrated solution 0 
caustic potash.! The substances produced are potassium chlorate, 
potassium chloride, and water, of which the potassium chlorate 


1 The delivery tube must be wide or it will become choked by the potassiunt 
chlorate. 
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erystallizes Put first on evaporation owing to its being less soluble 
m water than potassium chloride. The following equation shows 
the reaction :— 


6KOH +.SCh = 10,0K +#- SKCh + '3HLD. 
Potassium Potassium Potassium 
hydrate chlorate chloride 


It is probable that potassium hypochlorite is first produced with 
motassium chloride, and that the former then breaks up into potas- 
ssium chlorate and potassium chloride :—— 


:KOH + Ch > CIOR + Kid + H 

Potassium Potassium Potassium 

hydrate hypochlorite chloride 
3CI0OK = CIO,OK + 2Kcı. 
Potassium Potassium Potassium 
hypochlorite chlorate chloride 


Potassium chlorate so prepared always contains more or less 

ppotassium chloride mixed with it, from which it may be easily and 
completely separated by repeated crystallization. The presence of 
ppotassium chloride mixed with the chlorate may be easily recog- 
nized by the white precipitate of silver chloride produced when a 
few drops of silver nitrate are added to a solution of the salt, silver 
echlorate being soluble in water. 
Potassium chlorate crystallizes in thin iridescent plates, without 
water of crystallization. The salt may also be prepared by the 
klirect oxidation of potassium chloride. Ifa concentrated solution 
of potassium chloride is electrolyzed by a powerful current, using 
platinum electrodes, the nascent oxygen which is set free at the 
jpositive pole oxidizes the potassium chloride to potassium chlorate. 
We have already stated that potassium chlorate is largely 
employed for the preparation of oxygen (p. ı2). The chlorine 
and oxygen are so feebly held together that the latter gas is com- 
ppletely given off on heating, and potassium chloride remains 
"behind :— 


2ClO,-OR = 2KCl + 30, 
Potassium Potassium 
chlorate chloride 


In the first stage potassium perchlorate is produced, and in 
ssuch quantities that the method is used for the preparation of this 
ssalt :— 


2010,:0R = £E0:0R + RC = DO, 
Potassium Potassium Potassium 
chlorate perchlorate chloride 


a 
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On heating more strongly this salt is also decomposed into 
potassium chloride and oxygen. 

In consequence of the slight affınity of chlorine for oxygen the 
chloric acid of potassium chlorate and other chlorates acts as a 
powerful oxidizer, something in the same manner as the nitric 
acid of the nitrates. A red-hot piece of charcoal, on which a 
little powdered potassium chlorate is sprinkled, burns brilliantly 
by combining with the oxygen of the salt. A mixture of dried 
flowers of sulphur and powdered potassium chlorate not only 
explodes when heated, but also by percussion or even by the heat 
produced when it is rubbed in a mortar. Caution must, therefore, 
be exercised in experimenting with this mixture, especially when 
charcoal powder has been added. A gunpowder containing 
potassium chlorate instead of nitre—that is, a mixture of Charcoal, 
potassium chlorate, and sulphur—is so explosive that fire-arms 
charged with it are burst, and potassium chlorate is, therefore, 
not employed for the manufacture of such explosive mixtures. 

Chloric and hydrochloric acids mutually decompose one an- 
other, even in dilute aqueous solutions. A portion of the oxygen 
of the chlorice acid oxidizes the hydrogen of the hydrochloric 
acid, and chlorine together with chloric peroxide are given off.! 
The process goes on when aqueous hydrochloric acid is added to 
a solution of potassium chlorate :— 
2C10,-OK, + 4HCI = 2Cl0, + Ch + 2KCl + 2H,0I 


Potassium Hydrochloric Chloric Potassium 
chlorate acid peroxide chloride 


Concentrated sulphuric acid acts very energetically on potas- 
sium chlorate. The chloric acid which is first produced at once 
breaks up into oxygen, and thereddish-brown gas chlorine peroxide, 
which on heating decomposes further into chlorine and oxygen 
with an explosion. 

Chloric acid is a monobasic acid, and all its salts are solubl 
in water. They may be easily recognized by their oxidizing 
properties and by the production of chloric peroxide when heated 
with concentrated sulphuric acid. 


ı This mixture ofgases was called exchlorine by Davy.—ED. 
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PERCHLORIE ACID, 
Composition: C1O,-OH. 


























This compound is a colourless oily liquid of specific gravity 
78, which does not become solid at — 34°, fumes in the air, and 
ecomes heated when mixed with water. It is prepared by dis- 
ülling potassium perchlorate with a large excess of sulphuric acid. 

Potassium perchlorate, as we have just mentioned (p. Ir), is 
hbtained on heating potassium chlorate. The heating is stopped 
ter the molten salt has ceased frothing and has become viscid or 
early semi-solid. At this point most of the potassium chlorate 
as been converted into potassium chloride and perchlorate, and 
&s the latter salt is even more difficultly soluble in water than 
otassium chlorate, it may be easily puriied by dissolving in 
«ot water and allowing the solution to crystallize. The salt 
quires seventy times its weight of water at the ordinary tempe- 
ture to dissolve it, and separates out from its solution in rhombic 
brisms. 

On heating pure potassium perchlorate in a retort with about 
ur times its weight of concentrated sulphuric acid, perchloric 
cid distils over as an oily liquid, usually with a yellow colour. 
When mixed with a small quantity of water it becomes heated and 
ives a hydrate of the composition ClO,-OH + H,O, erystallizing 
ı fine needles. If this hydrate is heated to 110° it decomposes 
ıto perchloric acid and a hydrate with the composition ClO,-OH + 
IH,O, which remains behind in the retort as an oily liquid, boiling 
ınly at 203°, 

From these facts it will be seen that, although perchloric acid 
contains more oxygen than chloric acid, it is a much more stable 
mpound. This is also shown in its behaviour when treated with 
yydrochloric acid. A mixture of potassium perchlorate (or per- 
lorice acid) and hydrochloric acid remains unchanged, while one 
'f potassium chlorate and the same acid evolves chlorine and 
loric peroxide. In this way it ınay be readily seen whether 
‚stalline potassium perchlorate is contaminated with potassium 
lorate. Even when only very small quantities of the latter salt 
re present, the hydrochloric acid becomes yellow and gives off 
ae odour of chlorine. 
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Potassium perchlorate when heated breaks up into potassium 
chloride and oxygen, but requires a higher temperature than that 
necessary to decompose potassium chlorate into potassium per- 
chlorate and oxygen. It deflagrates when thrown on red-hot 
charcoal in the same manner and for the same reason as potassium 
chlorate. 

The free acid attacks many organic bodies most energetically ; 
it oxidizes them, often with an explosion. 

Perchloric acid is a monobasic acid, and all its salts are soluble 
in water. 





CHLORINE PEROXIDE. 
Composition : C1O;. 


This body is only known asan oxideand does not combine with 
water or with bases. 

Chlorine peroxide is a most dangerous substance to experimen 
with, as it easily decomposes with a powerful explosion into its 
constituents. It is produced, together with perchloric acid, whe 
small pieces of fused potassium chlorate a.e treated with pure con 
centrated sulphuric acid and the mixture heated not higher th 
40° on awater-bath. Itisthen evolved asa dark yellow or reddish 
brown gas, with a powerful odour, and which often explodes eve 
at this temperature. Ina freezing mixture the gas condenses to 
red liquid, which boils at about 9°. 


CHLOROUS ANHYDRIDE, 
Composition : C1,O;. 


CHLOROUS ACID. 
Composition:: CIO:OH. 


Chlorous anhydride is a yellow gas, with an odour simil 
to that of chlorine. It has a specific gravity of 4:07. Lik 
chlorine, it attacks the organs of respiration, and bleaches ev 
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ore powerfully than the element itself. Water dissolves about 
ten times its own volume of the gas, becoming ofa yellow colour. 
his solution contains chlorous acdd—Cl1O-OH, which has, how- 
ver, never been prepared pure. It bleaches like the gas and pro- 
uces yellow spots on the skin. 

Chlorous anhydride may be easily prepared by abstracting 
xygen from a dilute aqueous solution of chlorie acid. Nitric acid 
ay be best used to set the chloric acid free from potassium chlo- 
ate and arsenious anhydride for the reduction. The following 
equations show the reactions :— 


(.) CIO,-OK + NO,-OH = CIO,OH + NO,-OK. 


Potassium Nitric acid Chlorice acid Potassium 
chlorate nitrate 
(ii.) 2CIO,-OH + As,0, = C1,O, + H,O + As,O,. 
Chloric acid Arsenious  Chlorous Arsenic 
anhydride anhydride anhydride 


For the preparation of the gas 3 parts of arsenious anhydride 
ınd 12 parts of potassium chlorate, both in the state of a fine 
»owder, are mixed, and then 18 parts of pure nitric acid of specific 
zravity 1'33 and 24 parts of water are added. On gently warming 
the liquid it becomes coloured yellow, and chlorous anhydride is 
volved in considerable quantities. The gas may be dried by pass- 
ng it over calcium chloride, and may then be collected by dis- 
dlacement. At —ı8° it is condensed to a reddish-brown mobile 
iquid, which boilsa few degrees above 0°. 

Chlorous anhydride is a very unstable compound. At a little 
ıbove 50° it decomposes with explosion into its constituents. 
Great care must therefore be taken in its preparation, and only 
small quantities should be prepared at once. 

Its aqueous solution combines slowly with bases to forın salts— 
‘he chlorites— which are mostly soluble in water, and which are 
easily decomposed on evaporation into a mixture of chlorate and 
thloride. The lead salt, obtained by mixinga solution of potassium 
tEhlorite with lead acetate, is deposited as yellow scales. The 
general formula of the chlorites is CIO-OM’, and the acid is there- 
ore monobasic. 
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HYPOCHLOROUS ANHYDRIDE. 
Composition : C1,O. 




















This compound is a yellow gas with an odour similar to that of 
chlorine. Ithasaspecific gravity of 297, and condensesat —20°to 
a bright red liquid, boilingat about +20°. When heated it is easily 
decomposed into its constituents, usually with a violent explosion ; 
the liquid decomposes even when shaken. In its preparation great 
care must therefore be exercised. 

The gas is prepared. by treating mercuric oxide with chlorine, 
when the reaction goes on as shown in the equation :— 

2HE®O, 32€, = HEO,EgCh, € ECO: 


Mercuric Mercuric Hypochlorous 
oxide oxychloride anhydride 


The ordinary red oxide of mercury, which has been obtained 
by heating themetal in theair, cannot be employed for the reaction, 
but the yellow oxide, which has been prepared by precipitating 
mercuric chloride with caustic soda, and has been carefully washed 
and dried for some time at 300°, must be used. If dry and pure 
chlorine is slowly led over such mercuric oxide contained ina long 
well-cooled tube, it is absorbed and the hypochlorous anhydride 
gas set free. The gas iseasily soluble in water, one volume taking 
up about 200 volumes of the gas. This solution may be considered 
to contain 


HYPOCHLOROUS ACID-—-(CIOH), 


which has, however, never been prepared in the pure state. A 
similar aqueous solution of hypochlorous acid may be also easily 
prepared by shaking up precipitated mercuric oxide with chlorin 
water. The yellow colour of the solution quickly disappcars, an 
the mercuric oxychloride which is formed at the same time may 
be separated by filtration. The salts of this monobasic acıdd—th 
hypochlorites—are also unknown in the pure state, but mixed with 
other bodies they form important substances in the arts and 
manufactures. 

Bleaching powder, which is manufactured in large quantitie 
and chiefly used for bleaching purposes, yields a mixed solution 0 
calcium chloride and calcium hypochlorite when dissolved in water. 
This bleaching powder, or chloride of lime (not calcium chloride 
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aas itis sometimes called, may be considered as a peculiar com- 
pound of calcium, oxygen, and chlorine, having the composition 


‚(CaOCl)Cl or ee It is prepared by passing dry chlorine 


cover dry slaked liıne (calcium hydrate.. When no more chlorine 
jis absorbed, a white powder, which smells faintly like hypochlorous 
aacid, remains behind, having the above composition. This com- 
ppound, when treated with water, is decomposed into calcium hypo- 
echlorite and calcium chloride, according to the equation :— 


>(Caocl)Cl = (CIO),Ca + Call, 
Bleaching Calcium Calcium 
powder hypochlorite chloride 


!But from this mixture pure calcium hypochlorite cannot be sepa- 
rrated. The weakest acids, even carbonic acid, separate the hypo- 
chlorous acid from this and all other hypochlorites, and the free 
sacid then readily breaks up into chlorine and oxygen. On this 
cdepends the bleaching and oxidizing action of bleaching powder. 
"The articles to be bleached are first dipped in a dilute solution of 
tthe powder in water, and then submitted to the action of a dilute 
sacıd. The effect produced is the same as if the articles were 
cdipped in chlorine water. The reaction takes place according to 
tthe two equations :— 


(CIO),Ca + 2HCI = Call, + 2CIOH. 
Calcium Calcium Hypochlorous 
hypochlorite chloride acid 
2CIOH + 2HCi = 2H,0 + zCl, 
Hypochlorous 
acid 


For a similar reason bleaching powder is well adapted to disinfect 
sick chambers. If a little of the powder placed in a saucer is 
'moistened with vinegar (dilute acetic acid), it slowly gives oft 
chlorine (p. 103). 

If bleaching powder is digested with water at the ordinary 
!temperature and filtered, the alkaline liquid contains, as we have 
‘seen, calcium hypochlorite together with calcium chloride and un- 
‘changed hydrate. On boiling this liquid the calcium hypochlorite 
is decomposed into chlorate and chloride :— 


BE MOON = 

s(Cl0),Ca = 10-0) Ca + z2CaCl.. 
Calcium Calcium Caleinm 

hypochlorite chlorate chloride 


If chlorine gas is led into a dilute solution of potassium or sodium 
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hydrate in the cold, a mixture of the corresponding hypochlorit 
and chloride is obtained :— 


2KOH + Ch, = KOCl + KCl + H,O. 


Instead of the caustic alkalies, their carbonates may also be used. 
No evolution of carbonic acid is noticed at first, owing to the for- 
mation of an acid carbonate. As soon, however, as the chlorine 
begins to act upon this acid carbonate, carbonic acid is given oft, 
These liquids, which are sometimes called Zaux de Javelle, also 
bleach powerfully on the addition of a dilute acid. 

Hypochlorous acid is a powerful oxidizing agent.. A solution 
of bleaching powder or of sodium hypochlorite when added toa 
solution of manganous sulphate produces first a white precipitate 
of manganous hypochlorite and hydrate, which rapidiy becomes 
oxidized to the brown manganese peroxide. Similarly, with a solu- 
tion of lead nitrate lead peroxide is formed. 


BROMINE. 
Chemical Symbol : Br.— Atomic Weight: So. 


This element, which was discovered by Balard in 1826, occurs 
in nature combined with sodium and other metals and usually asso- 
ciated with sodium chloride. Sea-waterand many mineral springs 
contain small quantities of these compounds of bromine. In the 
mineral kingdom it occurs, particularly in South America, as silver 
bromide, and has lately been found combined with potassium in 
the enormous salt deposits of Stassfurt and other places in 
Northern Germany. The bromine which is now brought into 
trade at a low price is chiefly prepared from this last-named 
source, 

Bromine is a dark red-brown liquid, which is nearly opaque 
even in thin layers, and which possesses a specific gravity of 
318. It freezes to a crystalline solid, with a metallic lustre, at 
--7°:3, and boils at 63°, forminga dark-brown gas. At the ordinary 
temperature it vaporizes rapidly, so that if a few drops are placed 
in alarge empty flask, the whole soon becomes filled with the brown 
vapour. Its vapour density is 5°5, according to which it is more than 
twice as heavy as chlorine and 8o times as heavy as hydrogen. 
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tts molecular weight is therefore 5°5 x 28:88 = 159, and its molecule, 
ke that of hydrogen, contains two atoms. Bromine, like chlorine, 
lissolves in water, though in rather less quantity ; the solution— 
rromine waler—has a brownish colour. In the cold below 4° 
romine combines chemically with water to form Zromine hydrate: 
3r, + 10H,,O, which is decomposed at 15°, or is rather more stable 
!han the corresponding chlorine compound. 

Bromine has an odour resembling that of chlorine, but more 
ntense (whence its name from Bpapos=a stink). It attacks the 
eyes and the mucous membrane of the respiratory organs even 
ore powerfully than chlorine, and great caution must therefore be 
»xercised in performing experiments with it. Asingle drop allowed 
co fall on the skin produces a painful, slowly-healing wound. 


ecomposing hydrobromic acid with manganese peroxide. But as 
ıydrobromic acid cannot be so readily obtained as the commercial 
ydrochloric acid, and is much more difficult to prepare, a mixture 
f potassium or sodium bromide with manganese peroxide and 
oderately dilute sulphuric acid answers the purpose better. The 
hydrobromic acid which is at first produced is at once oxidized to 
romine and water by the manganese peroxide. The distillation 
is best carried out in a tubulated retort fitting air-tight in a receiver, 
the uncondensed bromine vapour being led away by a good drausht. 
The reaction is preciselythe same asin the preparation of chlorine, 
ssubstituting bromine for chlorine :— 


PER en [OH| 

2KBr + MnO, e 350,]0H* 

| x 
250,05 + S0,-0,Mn + 24,0 + Br. 


‘The bromine may be purified by shaking with water, and may be 
sagain freed from this substance by calcium chloride or concentrated 
ssulphuric acid. 

The extraction of bromine on the large scale is carried out in 
just the same manner. For this purpose the mother-liquors of 
tthe mineral- or sea-waters are employed from which most of the 
!less soluble chlorides have crystallized out. But as these mother- 
!liquors always contain some chlorides, and as the bromides are 
more easily decomposed by sulphurice acid than the chlorides, 
‘only enough sulphuric acid and manganese peroxide is added to 
!the mixture to decompose the bromides. In this way only bromine 
'is obtained. The liberation of chlorine is to be avoided, as it com- 


Bromine may be prepared in the same manner as chlorine by 
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bines with the bromine to form a chloride, which is diffhicult to 
separate from the bromine. Small quantities of chlorine may be 
removed from bromine by distilling with potassium bromide, 
thus :— 


Bre), rt aRbr = 7 3Keler Zr. 
Bromine Potassium Potassium 
chloride bromide chloride 


In its chemical behaviour, bromine is very closely related to 
chlorine. The differences in their chemical action may almost 
all be ascribed to the weaker affınity of bromine in comparison 
with that of chlorine. This difference may be well illustrated in 
their behaviour with regard to hydrogen. Although the affınity of 
bromine for hydrogen is very great, and aıthough a mixture of 
bromine and hydrogen may be made to combine by heating, the 
union of the two substances cannot be produced by the rays of 
the sun, not even the direct rays. 

The weaker affınity of bromine is also shown by the fact that 
chlorine can expel bromine from most of its compounds. The 
non-metals and metals wbich burn in chlorine combine under 
similar circumstances with bromine also. Its affınity for oxygen 
and carbon is as weak as that of chlorine for these elements. Of 
the bromides, or the compounds so produced, most are soluble in 
water; lead bromide is difficultly soluble, silver bromide quite 
insoluble. 





HYDROBROMIC ACID. 
Composition: HBr. 


This compound, like hydrochloric acid, is a colourless gas 
fuming in the air, with a strong acid taste and odour, and very 
soluble in water. Its specific gravity is 271, corresponding to the 
molecular weight: 81. The aqueous solution agrees also in its 
leading properties with aqueous hydrochloric acid ; when com- 
pletely saturated it fumes in the air, and gives off a portion of its 
hydrobromic acid gas on heating. 

As previously mentioned, although sunlight cannot cause the 
chemical union of bromine gas and hydrogen, they may be made to 
unite by heating. Butit isimpossible to prepare pure hydrobromic 
acid by heating a mixture of potassium or sodium bromide with 
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concentrated sulphuric acid, because a portion of the hydrobromic 
hıcid which is set free reduces some of the sulphuric acid, forming 
horomine, water, and sulphurous anhydride, thus :— 


> O8 { 
2HBr + SO, [or = Br, + 2H,0 + SO, 
Hydrobromic Sulphuric Sulphurous 
acid acid anhydride 


The hydrobromic acid prepared in this way is, therefore, always 
teoloured red with bromine gas, and is contaminated with sulphurous 
ınhydride. 

The pure, colourless gas may be easily prepared by decompos- 
mg phosphorous bromide with water, phosphorous acid being at the 
same time produced : — 


: 'ÖH f 
PBr, + 3H,0 = PHOJon + 3HBr. 
Phosphorous Phosphorous Hydrobromic 
bromide acid acid 


'F’or this purpose, ı part by weight of amorphous phosphorus 
ss mixed with 2 parts of water, and then 10 parts of bromine gradu- 





Fig. 40. 


lly added, drop by drop, from a stoppered funnel fitted into the 
jvork of the flask containing the phosphorus and water (fig. 40). At 
ürst every drop of bromine gives rise to a powerful action, accom- 
h anied with a flash of light, but afterwards the union of the phos- 
bhorus and bromine goes on more quietly. The hydrobromic acid, 


i R R . 
»bf which the liberation may be completed by gentle heating, is freed 
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from small quantities of bromine by passing it through a U-tube 
containing fragments of glass and ordinary phosphorus. 

Hydrobromic acid is easily and completely decomposed by 
chlorine. If a cylinder of the dry gas is placed mouth to mouth 
with one containing dry chlorine, hydrochloric acid and bromine 
are produced, the latter being recognized by its brown colour. If 
the chlorine is in excess the brown colour disappears again, and 
bromine chloride is produced as a reddish-yellow mobile liquid. 

In the same manner as hydrobromic acid, all bromides are 
also decomposed by chlorine. If chlorine water is added to a 
solution of a bromide, bromine will be set free, and may be easily 
recognized by its yellow or brown colour. Ifthen a drop of carbon 
disulphide is added and the mixture shaken, this substance will 
dissolve the bromine and its colour will become more marked. 
Hydrobromic acid and all soluble bromides give a pale yellow 
precipitate of silver bromide when mixed with silver nitrate. The 
precipitate only dissolves in ammonia with difficulty. 


OXY-ACIDS OF BROMINE. 

















In the same manner as chlorine, bromine cannot combine 
directly with oxygen. The combination may be brought about in 
an indirect manner, but no compounds of bromine and oxygen 
alone are known. 


Bromie Acia: BrO,-OH.— The potassium salt of this acid 
is produced, together with potassium bromide, when bromine is 
dissolved in concentrated caustic potash :— 


6KOH + 6Br = BrO,OK + ;KBr + 3H,0., 
Caustic Potassium Potassium 
potash , bromate bromide 


And as the potassium bromate, like potassium chlorate, is much 
less soluble in water than the bromide, it may be easily obtained 
pure by repeated crystallization. When heated, the salt breaks up 
into potassium bromide and oxygen. Ä 

Bromic acid—which may be separated from potassium bromate 
according to the method given on p. 110 for chloric acid—is a 
colourless, powerfully acid liquid, which first reddens and then 
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leaches litmus paper. At 100° it decomposes into bromine and 
xygen. 


Hypobromous Acid: BrOH, may be obtained by shaking 
romine water with precipitated mercuric oxide. The aqueous 
;olution is a pale yellow liquid, which acts as a powerful oxidizer, 
nd which bleaches like hypochlorous acid, 

If bromine is allowed to evaporate at the ordinary temperature 
ınder a bell-jar with slaked lime, dromide of lime is obtained, a 
substance which resembles chloride of lime, and which also 
ossesses bleaching properties. 


IODINE. 
Chemical Symbol: 1. —Atomic Weight: 127. 


Up to the commencement of the present century soda was 
exclusively prepared by burning sea-plants, extracting the burnt 
ass (called kelp, or varec) with water, and crystallizing the soda 
rom the solution so obtained. The French chemist Courtois, when 
attempting to obtain chlorine from the residues of the above pro- 
cess by heating them with manganese peroxide and sulphuric acid, 
ıoticed a splendid violet vapour, the investigation of which led him 
co the discovery of iodine (1811). 

The chemical nature of this element was, however, first made 
tlear by the investigations of Gay-Lussac four years later. It owes 
{ts name tothe colour of its gas (ioöns = violet-coloured). 

Like chlorine and bromine, iodine does not occur free in nature, 
9ut always in combination with some of the metals. Sodium iodide 
ss almost always present in common salt, although in extremely 
mall quantities. Even those mineral springs which contain 
odium chloride, and which are, comparatively speaking, rich in 
sodium iodide, contain such small quantities of iodine that its 
presence can scarcely be detected without concentration. 
Sea-water contains even smaller quantities of sodium iodide, 
and yet this is the source from which by far the greatest proportion 
fthe 100 tons of iodine which is consumed annually is obtained. 
ut if we were obliged to procure iodine directly from sea-water, 


u sl Sn un m el Dil una m mn BL De se re rn m 


124  Text-Book of Inorganic Chemistry. 






























the process would certainly be an unprofitable one ; we therefore 
extract it in an indirect manner with the aid of organic nature, 
Sea-plants, and particularly sea-weeds, extract the iodine from the 
sea-water and concentrate it in their structures, and it is from these 
plants alone that it is profitable to extract iodine by chemical 
processes. The manufacture is carried on principally on the west 
coasts of Britain (especially Scotland) and France. The sea- 
weeds are gathered during low water, dried and burnt, and the 
ashes thus obtained (called #c/2) are rich in sodium iodide. 

Not only the Algae, but also other sea plants, take up iodine 
from the sea, and the same is true of many marine animals—the 
sponges, &c. In this way iodine is conveyed into the bodies, and 
especially into the fat, of many other marine animals, and occurs, 
for example, in ordinary cod-liver oil. In the mineral kingdom 
iodine is found as silver iodide in Peru, Mexico, &c., and as sodium 
iodide in those salt deposits which are due to the evaporation of 
sea-water. So, for example, in rock salt, and particularly in Chili 
saltpetre, or sodium nitrate occurring in Chili. From the mother- 
liquors of the crude sodium nitrate very considerable quantities a 
iodine are now manufactured. 


lodine is a solid crystallinesubstance, withadark grey colour and 
metallic lustre. It neither conducts electricity nor heat; it is 
brittle, and may be easily powdered, and possesses a peculiar, un- 
pleasant odour, similar to that of chlorine and bromine, but less 
intense. It melts at ı13°, forming a dark brown liquid, boils at 
about 200°, and gives off a dark violet-coloured vapour. On 
cooling, the walls of the vessel become covered with innumerable 
small, lustrous crystals of the solid. Its specific gravity is 4'95, and 
that of its vapour 8'7 compared with air as unity. Its molecular 
weight is thus 87 x 28:88=251; whence it follows that its mole 
cule, like that of hydrogen, consists of two atoms. 

Although iodine only boils at about 200°, it is so volatile at the 
ordinary temperature that when left exposed to the air it soon loses 
considerably in weight; and when kept in closed vessels it sub- 
limes, like camphor, on to the cooler portions of the bottle. It is 
slightly soluble in water, much less than chlorine and bromine, an 
forms a yellow-brown solution. It possesses a strong unpleasan 
taste, colours the skin yellow, and is poisonous. 

Water containing salts dissolved in it, particularly potassiu 
iodide, dissolves larger quantities of iodine than _pure water ; it i 
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Iso dissolved in considerable quantities by aqueous hydriodic 
<cid. Alcohol and ether, as well as chloroform and carbon di- 
wulphide, are good solvents of iodine. Its alcoholic solution pos- 
sses a dark brown colour and is called Znectwre of iodine. The 
‘olution in ether is also of a brown colour, while that in chloroform 
or carbon disulphide is dark violet, or when largely diluted a 
right pink. 

Many applications are made of iodine in medicine and in the 
ırts— for example, in photography. Tincture of iodine is applied 
»xternally to reduce goitre, enlarged joints, and other similar swel- 
iings, and potassium iodide is taken internally to produce the same 
effect. Long before this action of the salt was known, even before 
codine itself was discovered, the ashes obtained by burning sponges 
were used as a medicine for these diseases. It was later found that 
these ashes contain sodium iodide, and since then potassium iodide 
ar sodium iodide has always been used in these cases. 

The preparation of iodine from the aqueous extraction of the 
shes of sea-plants after most of the soda and common salt have 
rystallized out, or from the mother-liquors of Chili saltpetre, 
may be carried out by passing chlorine through the liquid, which 
sseparates the iodine. Care must be taken that too much of the 
gas is not passed, otherwise iodine chloride will be produced, which 
iminishes the yield. Another method is to heat the crude sub- 
tances in iron or earthenware vessels with only just enough sul- 
huric acid and manganese peroxide to decompose the sodium 
iodide present. This salt is more easily decomposed than the 
chloride, and consequently the iodine separates first before the 
hlorine. The process is similar to that used for the preparation 
f chlorine (p. 100), substituting iodine for chlorine :— 


N (OH 
2Nal + MnO, + 350, |0H en 


. (OH = 
250,10N, + S0,-0,Mn + 2H,O + I, 


The iodine vapour is received in a number of communicating 
wessels to condense it, then freed from water and purified by re- 
ssublimation. Usually the two methods are employed together. 
‚The iodine is first separated by chlorine, excess being avoided, 
sagain converted into sodium iodide by caustic soda and then dis- 


ttilled with manganese peroxide and sulphuric acid. Commercial 
\iodine not unfrequently contains iodine chloride and cyanide ; it 
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may be purified, in the same manner as bromine (p. 120), by distil- 
ling with potassium iodide :— 


ICh + 3KI = 3KCI + al, 
lodine Potassium Potassium 
chloride iodide chloride 


In its chemical properties iodine exhibits close analogy with 
chlorine and bromine. It has, however, less affinity for the 
metals and for hydrogen than these two elements, which there- 
fore expel iodine from its soluble salts and from its compound 
with hydrogen—hydriodic acid. On the other hand, iodine has a 
stronger affinity for oxygen than the other two halogens ; iodic 
acid, for example, is a solid substance easily crystallized and much 
more stable than the corresponding chloric and bromic acids. 

The behaviour of iodine to starch is very remarkable. Thin 
starch paste mixed with an aqueous solution of iodine becomes of 
a dark blue colour, which, however, vanishes on warming. It 
appears as if a real chemical compound were produced by this 
reaction, but no attempt to determine its composition has been yet 
successful. The colour is only produced by free iodine, and not 
by solutions of its salts, and starch paste can therefore be mixed 
. with potassium iodide in any proportion without producing any 
change in colour. But iftothe mixture a drop of chlorine wateris 
added, which sets iodine free, a dark blue coloration is at once 
noticed. 

This property is employed both to detect traces of starch and 
of free iodine. If a piece of paper moistened with starch is hung 
up ina closed cylinder containing a few drops of a liquid with free 
iodine at the bottom, the paper soon becomes blue owing to the 
vapours of iodine rising from the liquid. 

More delicate even than this reaction, and therefore applicable 
to the detection of infinitesimal quantities of iodine, is the pink or 
purple colour which traces of iodine impart to chloroform or to 
carbon disulphide. Chlorine water is not well adapted for the 
separation of minute quantities of iodine from a liquid, as the slight- 
est excess unites at once with the separated iodine to form iodine 
chloride. It is better in such a case to employ fuming nitric acid. 
A few drops of this acid added to the liquid to be tested and well 
shaken up with it in a glass cylinder suffice to convert the iodide 
into a nitrate and set hydriodic acid free ; this at once gives up its 
hydrogen to the loosely combined oxygen of the nitric peroxide 
contained in the fuming nitric acid and sets iodine free :— 
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4HI + NO, = 2l, + 2H,O + 2NO. 
Hydriodic Nitric Nitric 
acid peroxide oxide 


If a little chloroform or carbon disulphide is then added and 
e liquid well shaken, the former after settling to the bottom of 
e cylinder becomes pink coloured, even if only traces of iodine 
re present. When, on the other hand, iodine is completely absent, 
e chloroform or carbon disulphide remains colourless. 


HYDRIODIC ACID. 
Composition: Hl. 


Like hydrochloric and hydrobromic acids, this compound is a 
colourless gas, fuming in the air, with an acid taste and piercing 
dour, and is very easily absorbed by water. In the same manner 
s hydrochloric acid, it consists of one volume hydrogen united 
with one volume iodine vapour to form two volumes of the com- 
»ound without condensation. Its vapour density (H = 1) is, there- 
core, en =64, or compared with airas unity 4'4. 

In consequence of the high specific gravity of iodine gas and 
he low specific gravity of hydrogen, the weight of the hydrogen 
contained in hydriodic acid is so small, that it was for some time 
averlooked. From the formulx we see that 127+1=128 parts by 
veight of hydriodic acid only contain one part by weight of hydro- 
zen, or less than one per cent. ; the exact percentage being 
II x 100 
: ra 78. 

The chemical affinity of iodine for hydrogen is even less than 
that of bromine for the same substance, and hydriodic acid cannot 
therefore be obtained by the direct union of its elements. Neither 
anit be prepared pure by decomposing potassium iodide with con- 
entrated sulphuric acid. Large quantities of hydriodic acid are, it 
‚is true, set free by this reaction, butthe gas is largely contaminated 
wwith iodine, because the hydriodie acid is decomposed at the 
moment of its production by the excess of sulphuric acid into 
iodine, water, and sulphurous acid. 

In order to prepare pure hydriodic acid we can only use one 
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method—viz. the decomposition of phosphorous iodide by water, 
In order to form this compound ordinary (yellow) phosphorus and 
iodine are made to combine in the proportion of one equivalent of 
the former to three equivalents of the latter—z.e.inthe proportion of 
31 parts of phosphorus to 3 x 127 = 381 parts of iodine, or I part to 
12'3 parts. But as it is better to have the phosphorus in slight 
excess, I part of phosphorus is mixed with ı0 parts ofiodine. The 
proper quantity of iodine is weighed off into a dry flask, the 
flask filled with carbonic acid, and then the requisite quantity of 
phosphorus, cut into small pieces and dried, is gradually added. 
The two bodies unite immediately with one another, producing 
flashes of li&ht, to form liquid phosphorous iodide. In order to 
distribute the excess of phosphorus uniformly through the mass, 
the compound is gently heated and kept in a molten state for a 
short time. 

After the compound has cooled and solidified to a crystalline 
mass, it is moistened with a little water and gently warmed. Phos- 
phorous acid and hydriodic acid are produced, and the latter 
passes away through a tube fitting in an india-rubber stopper in the 
neck of the flask. It may be led into water if an aqueous solution 
of the gas is to be prepared. The delivery tube must be wide, 
otherwise it is apt to become plugged up for the following reason. 
Phosphorous acid is decomposed on heating into phosphoric acid 
and phosphoretted hydrogen, and this decomposition is greatest, 
the smaller the quantity of water present. But phosphoretted 
hydrogen and hydriodic acid, when in contact with one another, 
unite to form a solid crystalline substance of the composition: 
PH,-HI=PH,I (phosphonium iodide). In the preparation 0 
hydriodic acid this compound may be easily formed, and the 
delivery tube may become plugged with crystals of it. 

Aqueous hydriodic acid is a colourless liquid with a strong acid 
reaction and odour. If completely saturated with the gas in the 
cold, it fumes when’exposed to the air. When kept in vessels 
containing air, especially when exposed to the light, the solution 
soon becomes of a yellow or brown colour, from the iodine liberated 
by the oxidation of the hydrogen. The weak affinity with which 
the hydrogen and iodine are combined together is apparent from the 
fact that when a glass rod is heated in the flame, and plunged into 
a jar of the gas, violet vapours of iodine are at once produced. 
If the rod was red-hot, the liberated hydrogen often catches fire. 

Chlorine and bromine decompose hydriodic acid and all the 
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dides (except silver iodide) very easily. If a jar of chlorine is 
averted over one of hydriodic acid gas, and then the position of 
ı1e jars reversed, so that the heavier hydriodic acid comes upper- 
ost, a considerable quantity of heat is produced, and iodine is set 
cee, with the production of hydrochloric acid. If the chlorine is 
ı excess, the iodine soon disappears, uniting with the chlorine to 
rm iodine chloride. 

Hydriodic acid and the soluble iodides produce with silver 
jitrate a yellow precipitate of silver iodide, which is almost inso- 
ıble in ammonia. 





OXY-ACIDS OF IODINE. 


Of the oxygen compounds of iodine only two are well known — 
dic acid and periodic acid— which correspond in their composition 
> chloric acid and perchloric acid. 


Iodie Acid: 10,-OH. 


This compound is distinguished from the unstable chloric acid 
yy its comparative stability. It is a solid, and crystallizes in 
exagonal plates ; is soluble in water and in alcohol, and possesses 
bitter acid taste. It may be heated to above 100° without being 
sentially changed ; at a higher temperature it is decomposed into 
water and iodic anhydride—1,0,. 

Iodic acid may be prepared by the direct oxidation of iodine by 
Üitric acid, if too large quantities are not employed at one time. 
ıbout 10 grammes of iodine are finely powdered and gently heated 
ı a capacious flask with twice as much comcenfrated nitric acid. 
is soon as no further action takes place the acid liquid is poured 
ff, and the residue digested with a fresh quantity of nitric acid 
entil all iodine has disappeared. As iodic acid is only slightly 
joluble in nitric acid, the greater portion remains behind in the 
sask as a crystalline powder; the acid liquid is poured off and 
waporated to dryness, when a further quantity of iodic acid is 
(btained. Both portions are then dissolved in water, 'evaporated 
0 dryness, to expel the last traces of nitric acid, and, finally, heated 
)o 100°-—- 130° in a stream of dry air. 

An aqueous solution of iodic acid does not yield large crystals 
hf the acid when evaporated down, but such crystals may be 
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easily obtained by adding a little nitric or sulphuric acid, and then 
evaporating. 

Barium iodate is decomposed when boiled with dilute sulphuriec 
acid into insoluble barium sulphate and iodic acid. If the clear 
liquid is filtered off, crystals of iodice acid separate on evaporation. 
At the ordinary temperature sulphuric acid has but little action on 
the barium salt. To prepare iodic acid by this process, two parts 
of concentrated sulphuric acid diluted with eight parts of water 
are allowed to act upon nine parts of the finely-powdered barium 
salt. ; 

If iodine is boiled with caustic potash, the solution contains 
potassium iodide and potassium iodate—just as when chlorine acts 
upon a hot concentrated solution of caustic potash—and the iodate, 
being less soluble than the iodide, crystallizes out first on evapora- 
tion. Ina solution of potassium iodate, barium chloride produces 
a white precipitate of the difficultly soluble barium iodate. This 
salt may also be directly prepared by boiling iodine with concen- 
trated baryta water. 

Iodic acid when heated up to 130°, or slightly higher, loses 
water and becomes converted into a compound having the com- 
position I,O,- OH, which may be considered as one molecule ofiodic 
acid united with one molecule of iodice anhydride—z.e. IO,0OH + 
1,0,. It is distinguished from iodic acid by its insolubility in 
ordinary alcohol. Ifiodic acid is heated still higher, up to 1709, it 
loses a further quantity of water, and is completely converted into 
the anhydride, 1,0,. The decomposition is also produced b 
absolute alcohol, or bya mixture of this substance with sulphuric 
acid. 


Zodie Anhydride: 1,0, or 1 O. 


This compound is easily soluble in water, and then reproduces 
iodic acid. When strongly heated—up to about 300°—it is de 
composed into iodine and oxygen. 

Although the oxygen in iodic acid is much more firmly com 
bined than in chloric or bromic acid, the acid still easily gives u 
its oxygen to those substances which exercise a reducing action 
and is therefore a powerful oxidizing agent. Sulphurous acid an 
sulphuretted hydrogen, when added to a dilute aqueous solution © 
iodic acid, cause an immediate separation of iodine ; nitrous acid 
phosphorous acid, and other substances produce the same resul 
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With dry hydrochloric acid gas, dry iodic anhydride yields iodine 
loride, chlorine, and water :— 


1,0, .# HC e alC, # 2Cch FED, 


Iodic acid is a monobasic acid, and produces salts which are 
ıostly insoluble in water. It shows a strong tendency to form so- 
lled acid salts besides the neutral compounds. The acid salts 
aay be considered as neutral salts united with one or two molecules 
ffthe acid. We know, for example, the following three potassium 
ompounds :— 


Normal potassium iodate . : IQ,OR, 
Monacid potassium iodate . . 10,0K + 10,0H. 
Diacid potassium iodate . + I0:OR + 210,0H. 


Like the chlorates, the iodates of the metals are decomposed 
heating into iodides and oxygen—the iodates of the heavy 
aetals usually giving up iodine as well, and becoming converted 
ato oxides. It is not, however, possible to expel all the oxygen 
‘om potassium iodate by heating it even to redness. 

Iodic acid possesses the remarkable property of uniting chemi- 
ılly with strong acids. If dry and powdered iodic acid is gradu- 
Ily added to about five times its ‚weight of hot concentrated 
ılphuric acid,asubstance separates out on cooling which contains 
th acids chemically united. 


Periodie Acid: 10,-OH + 2H,O, or IO(OH),. 


The monobasic acid is unknown in the free state ; we are only 
equainted with its compound, with two molecules of water, which 
say be considered as a pentabasic acid. This substance crys- 
\llizes in colourless rhombic prisms, which are soluble in water, 
ccohol, and ether, and deliquesce when exposed to the air. The 
jueous solution may be boiled without causing decomposition, and 
ce crystals are not altered by standing in a desiccator over 
Uphuric acid. At a temperature of 133° the acid melts, and 
egins to be decomposed into water, oxygen, and iodic anhydride 
140°, 

Four kinds of periodic acid are known in its salts, which are 
'ono-, tri-, tetra-, and pentabasic respectively. These acids may 
» represented as compounds of the unknown periodic anhydride: 
K2 
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1,0, containing heptad iodine, with varying proportions of water, 
thus :— 


KO END n e1oror 
= IO,(OH),. 
KO: SEO, ee Aa ern ale 
10,730 2,7, 5 22. =B1OLO0EN, 
10,.15,0 Mae Neon, 


Of these acids the last-named is known in the free state, but 
the others only in their salts. 
Pentabasic periodic acid may be obtained in me following 
way. When chlorine is led into a hot solution of sodium iodate, 
containing free caustic soda, an acid sodium salt of the pentabasic 
periodic acid is produced according to the equation :— 


10,-ONa + 3Na0H + CL, = 10, (on + 2NaCı. 
This sodium salt, which is nearly insoluble in water, dissolves 
in nitric acid, and gives with silver nitrate a precipitate of the 
corresponding silver salt, which when evaporated down with nitrie 
acid, is converted into yellow crystals of the silver compound of 
the monobasic acid: IO,-OAg. Finally, if this salt is boiled with 
water, the former silver compound is again produced, and the 
pentabasic acid set free :— 
»IO.: = (OAg), 
21O,-OAg + 4H,0 10| (OH), 
The solution is then filtered and evaporated down to crystallize. 
The normal silver salt of the pentabasic acid, IO(OAg),, h 
also been prepared, as well as the sodium salt of the tetrabasi 


+ IO(OH),. 


acid : O Itotonat ‚ by heating the above acid salt to 220°— 
(ONa), _ „ (IO,(ONa), 
210| (om), - Ol1o,lona), + 3740: 


As will be seen from the above formulz@, the composition oft 
periodates is very various and somewhat complex. Similar co 
pounds are known of the oxy-acids of sulphur and phospho 
which have been subjected to more exact investigation than t 
periodates. 
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Chlorides of Iodine. 












Chlorine and iodine unite together to form two compounds— 
codine monochloride, and iodine trichloride. 

Jodine monochloride : 1Cl, is a red-brown liquid, which crystal- 
iizes on standing, and which possesses the odour of both iodine 
and chlorine. The crystals melt at 25°; they are soluble in water, 
hence they may be again extracted by shaking with ether. 

lodine monochloride is prepared by heating together one part 
»f iodine with four parts of potassium chlorate, or by dissolving 
iodine in aqua regia, diluting with water and extracting with ether. 
It then remains behind on allowing the ethereal solution to evapo- 
te. It may also be prepared by acting upon one molecule of 
iodine trichloride with one molecule of iodine :— 


Ich, +1, » cl 


Jodine trichoride: 1Cl,, erystallizes as yellow needles when 
cchlorine is led over gently heated iodine ; if it contains iodine 
rmonochloride its colour is more or less of a brownish tint. On 
theating, it melts and becomes brown, being decomposed into 
echlorine and iodine monochloride. 





FLUORINE. 
Chemical Symbol: F.—Atomic Weight: 19. 


This element possesses such powerful chemical affinities for 
other bodies that it has not yet been isolated. It is therefore 
{unknown to us in the free state, but the chemical nature of its 
‘compounds justify us in classing it with chlorine, bromine, and 
\iodine. 

Attempts to ısolate fluorine have mostly failed, because no 
:substance of which vessels might be constructed can withstand its 
‘action. Glass and porcelain, as well as silver, gold, and platinum, 
:are at once attacked by it. 

It is very remarkable that up to the present no compound of 
!fluorine with oxygen is known, neither an acid nor a salt. And 
!there is, in fact, no element of which we know so few compounds 
‘as fluorine. It combines neither with chlorine, sulphur, nitrogen, 
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nor carbon, and the only non-metallic elements with which com- 
pounds of it are known, are hydrogen, phosphorus, boron, and 
silicon. 

In the mineral kingdom it occurs exclusively in combination 
with various metals, especially with calcium, aluminium, and 
sodium. 

Calcium fluoride is found crystallized in cubes and is called 
luor-spar. Thisis by far the most abundant compound of fluorine, 
With aluminium and sodium it forms a double salt having the 
composition Na,AlF,=6NaF,Al,F,. This mineral occurs chiefly 
in Greenland, and is known as cryolite, 


HYDROFLUORIC ACID (Fluoric Acid). 
Composition: HF. 


This compound is a colourless gas with a piercing acid odour, 
and may be condensed by cold to a colourless liquid boiling at 19° 
and not solidifyingat — 34°. The gas acts very injuriously upon the 
lungs and air passages when breathed in small quantities, and in 
larger quantities may produce death. Like hydrochloric acid, the 
gas fumes powerfully in the air, and is also energetically absorbed 
by water with considerable evolution of heat. If led into a vessel 
of water which is kept cool, as long as absorption takes place a 
fuming aqueous solution is produced, which gives off hydrofluorie 
acid when heated. At the same time the boiling-point gradually 
rises and at last remains constant (under the normal atmospheric 
pressure) at 120°. The aqueous hydrofluoric acid, which distils 
over at this temperature, contains about 36 per cent. of the gas by 
weight. 

As all siliceous substances are decomposed by hydrofluoric 
acid, with the production of silicon fluoride, the acid cannot be 
prepared in glass or porcelain vessels. It is best to employ 
vessels of platinum, which is not in the least attacked by the acid, 
or of lead, upon which it only slightly acts. A very convenient 
apparatus is made of lead, and has a platinum tube fastened air- 
tight into it to conduct the gas into water contained in a platinum 
vessel (fig. 41). 

The vessel which serves as the retort is a cylinder of lead, on 
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which fits a cap of the same metal, and which is pierced by a hole 
t the side to receive the platinum tube. Finely powdered fluor- 
par is mixed with concentrated sulphuric acid in the vessel to 
!bout the consistency of cream, the cap is placed on and made 
jight with plaster of Paris, and, finally, the platinum tube is fixed 
position and also cemented with plaster. As soon as the plaster 
haas set the cylinder is placed on an iron plate and gently warmed. 
The tube is so arranged that it just touches the surface of the 
water which is to absorb the gas, and which is contained in a 
hhlatinum crucible. The crucible must be surrounded with ice or 












































vold water in order to keep it cool. By means of this simple 
pparatus, concentrated aqueous hydrofluorice acid may be quickly 
\ibtained at any time. 

To prepare the gas perfectly pure and absolutely dry it is best 
» employ the compound which is produced by acting on potassium 
Iwuoride with hydrofluoric acid. This substance, which has the 
‘omposition KHF,, decomposes again when heated in a platinum 
eessel into potassium fluoride and hydrofluoric acid. 

Fluorine in combination with hydrogen and with most of the 
2etals plays the part of a monad element. But in certain double 
\uorides (e.g. the potassium compound just referred to) it appears 
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as if two atoms of fluorine coalesced to form a dyad, and thi 
compound would have a composition analogous to that of potas- 
sium hydrate, thus :— 


Potassium hydrate : 5 : = HROEN, 
Hydric potassium fluoride . : BHSSHLLENE 


By the union of hydrofluoric acid with bases the fluorides are 
produced. Many of the fluorides are soluble in water, and to these 
belongs the silver salt. In this respect hydrofluoric acid differs 
from the otherwise similar acids, hydrochloric, hydrobromic, and 
hydriodic acids, which form insoluble silver salts. On the other 
hand, the fluorides of some metals (e.g. calcium), which form very 
soluble chlorides, bromides, and iodides, are quite insoluble in 
water, 

One of the most important properties of hydrofluoric acid, in 
which it is again distinguished from the other halogen acids, is its 
decomposing action on silica and the silicates. No other acid, 
not even sulphuric acid or phosphoric acid, attacks silica, whil 
hydrofluoric acid dissolves it, forming gaseous silicon fluoride and 
water :— 

SI0O, # 4HF = Sie, + 2H,0. 
If the silica is united with bases, as, for example, in common glass 
with lime and soda, the corresponding fluorides are produced by 
the action of the acid. 

We make use of this property not only to test for hydrofluoric 
acid, but also to etch glass—for example, to mark a series of 
divisions on a glass tube. The operation for either of thes 
purposes is as follows : Fluor-spar, or the substance to be exam 
ined for fluorine, is finely powdered, placed in an open platinu 
crucible, mixed with concentrated sulphuric acid, and, if necessary. 
very gently warmed. A watch-glass is then taken and its conve 
side covered with a thin layer of wax, by warming it gently and 
rubbing it over with a piece of wax. As soon as the glass is col 
the characters which are to be etched are written on the waxe 
surface with a sharply-pointed piece of slate-pencil, which remove 
the wax at those points where it touches the glass. If the watch 
glass so prepared is now placed over the crucible with its conve 
side downwards, the glass becomes corroded at those points whi 
are not protected by the layer of wax, and only at those points 
By the action of the hydrofluoric acid on the glass, silicon fluoridel 
sodium fluoride, and calcium fluoride are produced. The first 
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named substance passes away as a gas, the second is removed by 
subsequent washing with water carrying the third mechanically 
with it. 

If the glass is removed after remaining for a short time over 
Ihe crucible, washed with water and the wax removed by warming, 
the characters traced on the glass become distinctly visible, in 
consequence of the contrast between those parts of the glass which 
haave been etched and those which were unacted upon by the acid. 
For the production of delicate and exactly equal divisions on 
lass tubes and other similar etchings, it is best to employ the 
commercial aqueous acid, which only fumes slightly in the air. 
(Che divisions having been marked on the waxed tube, this aqueous 
ecid is painted on the parts to be etched with a camel’s hair 
borush. 

| The fact that hydrofluoric acid etches glass was observed two 
hnundred years ago by Schwankhard of Nüremberg—z.e. he found 
(hat a mixture of fluor-spar and sulphuric acid corroded glass. 
3ut it was only a hundred years later that Scheele, the discoverer of 
tthlorine, showed that this action is due to a gas given oft by this 
mixture, and the composition of this gas was first discovered by 
\mpere at the commencement of the present century. 
Gutta-percha, like wax, is neither attacked nor dissolved by 
ıydrofluoric acid, and the aqueous acid can therefore be preserved 
and transmitted from one place to another in bottles of gutta-percha 
provided with stoppers of the same substance. 


ELEMENTS OF THE SULPHUR GROUP. 


' To this group belong the three elements, sulphur, selenium, and 
;ellurium. They form a natural group similar to those referred to 
on p. 65. Allthree are solid and crystalline; they can be easily 
elted and sublimed, and are combustible. Selenium and tellu- 
ium are distinguished from sulphur by their metallic lustre. 
heir chemical nature is interesting from the fact that they can 
orm two distinct classes of compounds in which they play different 
»arts. On the one hand, they so closely resemble oxygen that 
hey can partially or entirely displace this element from its com- 
mounds ; on the other hand, they combine with oxygen itself to 
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form compounds usually possessing acid properties, and in which 
they have the same relation to oxygen as phosphorus has in its 
acids and arsenic in its acids. 

In all cases where they take the place of oxygen, their atomicity, 
like that of this element, is always two, while in their compounds 
with oxygen they offer four or six points of attraction to this element, 

When sulphur, which may be here considered as a representa- 
tive of the entire group, enters into chemical combination as a 
dyad, the compounds produced—sulphides—exhibit a close che- 
mical relationship to the corresponding oxides. Thus-:— 


Water : i ; ; : : are) 
corresponds to 

Sulphuretted hydrogen . 5 ß .. HRS: 

Arsenious oxide : ; F B = AO, 
corresponds to 

Arsenious sulphide . r 2 i TEASISE 

Potassium hydrate . z ; > . KOH 
corresponds to 

Potassium sulphydrate . : : . KSH. 

Cupric oxide : : CuO 
corresponds to 

Cupric sulphide. ö i ; 2 e’@uS: 


Arsenious oxide and arsenious sulpide possess acid properties 
while potassium hydrate and sulphydrate, cupric oxide, and sulphide, 
are bases. 

Potassium arsenite is produced by the union of arsenious oxide 
and caustic potash, and, in the same manner, from arsenious 
sulphide and potassium sulphydrate potassium sulpharsenite is 


formed :— 
As,0, + 2KOH = 2As0O-OK + H,O, 


AsS,;, + 2KSH = 2AsS:SK + H;S. 

So, too, arsenious oxide and cupric oxide unite to form cupric 
arsenite, while the union of arsenious sulphide and cupric sulphide 
produces cupric sulpharsenite ; the sulphur compounds contain- 
ing in every case sulphur instead of oxygen. 
But when the elements of the sulphur group are united with 
oxygen to form the radicals of the oxy-acids, their chemical 
character is entirely different. In the compounds of dyad sulphur 
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his element can always be displaced by oxygen ; but this is not 
vossible in the second class of compounds, in which the sulphur 
wsists as atetrad or hexad element combined with oxygen, because, 
ss far as we know, oxygen only exists as a dyad element, and never 
possesses any higher atomicity. We might imagine the existence of 
compound corresponding to sulphurous anhydride— S'vO,—in 
thich the two atoms of dyad oxygen might be displaced by two 
coms of dyad sulphur—S'’S'i,, and the sulphur which is set free 
iyr the action of sulphuretted hydrogen on sulphurous anhydride is 
kerhaps this sulphur :— 
30: +, ZU, = SS HD, 
wıt we cannot imagine the existence of a similar compound in 
hhich the tetrad sulphur of sulphurous anhydride is displaced by 
Itrad oxygen, OO, because, as far as we know, oxygen never 
ays the part of a tetrad. 
| The composition of thiosulphuric acid proves that the displace- 
|eent of oxygen in the oxy-acids, by dyad sulphur, is not only pos- 
(bble, but actually takes place. This acid is sulphuric acid, 


( ; : x : : 
PO, lop,in which one of the atoms of oxygen united with the 


drogen is displaced by an atom of dyad sulphur, thus: 
in |SYH 

i |oR \ OH' 

These facts are not only true of sulphur compounds, but may 
generally extended to those of selenium and tellurium. 
Selenium and tellurium may be said to occur as rarely in nature 
sulphur does abundantly. These two elements (particularly 


karcity is probably the reason why their compounds have not been 
|tthoroughly investigated as those of sulphur., 





SULPHUR. 
Chemical Symbol: S.— Atomic Weight: 32. 


Sulphur occurs free in nature in considerable quantities ; Sicily 
d other parts of Italy as well as Iceland are particularly rich in 
tive sulphur. It is still more widely distributed in chemical 
Iinbination with other bodies. Of the sulphides, the commonest 
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are zron pyrites (ferric disulphide, FeS,), copper pyrites (copper-iron 
sulphide, CuFeS,), galena (lead sulphide, PbS), dlende (zinc sul- 
phide, ZnS), &c. Sulphur is not less common in combination 
with calcium and oxygen, as calcium sulphate, in the mineral 
gypsum (5SO,-O,Ca + 2H,O), which often occurs in layers of con- 
siderable thickness. Other sulphates are also found in nature, 
among which may be mentioned Glauber’s salt (sodium sulphate, 
SO,(ONa),, Zpsom salt (magnesium sulphate, SO,-0,Mg)—two 
compounds which are contained in mineral waters and in sea 
water. Other naturally occurring sulphates are,. heavy-spar 
(barium sulphate, SO,-O,Ba), alunite (basic aluminium-potassium 
sulphate), &c. Besides all these forms in which sulphur is found 
in nature, it also forms a constituent of many important organic 
substances, such as albumen. 

Few substances are so generally known as sulphur, and yet the 
outside world is but little acquainted with its remarkable physical 
and chemical properties. 

Sulphur is a brittle, crystalline solid, with a pale yellow colour, 
without taste or odour, quite insoluble in water, and only slightly 
soluble in alcohol and ether. It is, however, dissolved by carbon 
disulphide in large quantities, especially when the liquid is heate 
to its boiling point. 

At 115° it melts to a clear mobile liquid of a pale yellow colour, 
which easily resolidifies to ordinary yellow sulphur, but which i 
more strongly heated (up to 200°) undergoes a remarkable chang 
It does not become more mobile, as might be expected, but mor: 
and more viscid, and at the sametime darker and darker in colour. 
At 200° it is a dark-brown liquid so viscid that the vessel containin 
it may be inverted without any of it running out. When heate 
above 200°, up to 400°, the liquid gradually becomes mobile again 
without appreciably changing its colour, and boils at 448°. The 
sulphur gas which is so produced and fills the vessel hasa dark re 
brown colour, somewhat resembling gaseous bromine. 

Sulphur which has been heated up to 200° possesses altogeth 
other properties than the normal liquid sulphur at 115°. Ifth 
latter be cooled, for example, by pouring it into cold water, th 
original brittle yellow sulphur, soluble in carbon disulphide, 
obtained. But if the sulphur at a temperature of 200°, or slightli 
higher, is poured into cold water, a tough, brown, elastic mass I 
produced, which may be drawn out into long threads and whic 
only changes into ordinary yellow, brittle sulphur after some tım 
















Sulphur. I4I 


his tough elastic modification of sulphur, unlike ordinary sulphur, 
s; insoluble in carbon disulphide. Only after some time, or after 
has been heated to ııı? and allowed to cool again, does it regain 
<s solubility in this liquid. 

Sulphur is dimorphous—2.e. it crystallizes in two distinct forms. 
The transparent yellow crystals, as they occur in nature, belong to 
the rhombic system. The two accompanying figures (fig. 42) re- 
present two common forms of native sulphur : the one (a) is simple, 
he other (6) has numerous secondary faces. Sulphur crystallized 
the wet way—e.g. from its solution in carbon disulphide—shows 
xactly the same forms. Large regular crystalsof rhombic sulphur 
ay be obtained by heating a piece of sulphur with carbon disul- 
»bhide in a sealed glass tube up to 120° or 130° and allowing it to 
cool slowly.! The crystals are afterwards freed from the carbon 





Fig. 42 j Fig. 43. 


kdisulphide and dried, when they preserve their transparency and 
kerystalline form unchanged. 

On the other hand, when sulphur is melted and quickly cooled, 
Sit crystallizes in the monoclinice system (fig. 43). These crystals 
are best obtained by melting sulphur in a crucible at the lowest 
Impossible temperature, so that it remains mobile and does not pass 
\into the viscid condition, allowing it to cool until a thin solid crust 
‘forms on the surface of the sulphur, then breaking a hole in this 
rust and pouring out the still liquid sulphur inside. If the crucible 
is broken up when cold the interior will be found filled with pale 
yellow needle-like prisms, often as much as an inch long. These 
erystals soon lose their transparency and become opaque and 
\brittle; they then consist of a number of minute rhombic crystals 
\ssimilar in form to those in which sulphur occurs in nature, and in 
\wwhich it erystallizes from its solution in carbon disulphide. These 


! The glass tube must be thick and well sealed up in the blowpipe, other- 
„wise a very dangerous explosion may be produced. —ED. 
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two modifications of sulphur are also distinguished from on 
another by their different specific gravity. The specific gravity o 
natural or rhombic sulphur is 2°07, while that of the monoclinie 
modification is 1:96. 

The vapour density of sulphur at different temperatures is 
remarkable. Ifihe molecule of gaseous sulphur consisted, accord- 
ing to the general rule, of two atoms, its molecular weight would 


be 2x 32=64, and its density Fe =2'216 (p. 51). But the direct 


determination of the density of sulphur vapour at about 500°—a 
temperature considerably above its boiling point—gives quite a 
different number—-viz. 6'654, or about three times 2'216. Further 
experiments undertaken to explain this anomaly showed that 
between the temperatures 440° and 850° sulphur vapour did not 
expand regularly with the increase of temperature, and that at 900° 
to I,000° its density was only one-third of that at 500°, or about 
2'216. 

From this it appears that there are two polymeric modifica- 
tions of sulphur in the gaseous state, one with the density 2'216, 
and the other with a density three times as great—viz. 6°654. The 
molecule in the one case consists, therefore, of two atoms, and in 
the other case of six atoms of the element, and the latter molecule 
breaks up, when heated, into three new molecules, each containing 
two atoms of sulphur. 

Most ofthe sulphur which comes into trade is brought from 
Italy, and especially from Sicily, where the crude sulphur is partly 
melted out, and partly distilled in cast-iron vessels, from the earthy 
impurities. This sulphur is, however, still impure, and must be 
purified by distillation. For this purpose the arrangement shown 
in fig. 44 is employed. The sulphur is heated to boiling in the 
cast-iron retort G, which is built into the masonry, and of which 
the neck D opens into a large empty bricked chamber A. In the 
same manner as water vapour when cooled at once below its 
freezing-point condenses in the form of snow, so the sulphur vapour 
when issuing into the cold chamber at a temperature below its 
melting point condenses to sulphur snow, which collects on the 
walls and floor of the chamber. This light pale yellow sulphur- 
snow is the fowers of sulphur of commerce. But when the hot 
sulphur vapour has raised the temperature of the chamber to 
the melting-point of sulphur (115°) the sulphur melts and 
collects on the fAoor as a thin liquid. It may then be allowed 
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)ı flow out by an opening which can be regulated from the 
ıtside. This sulphur is nearly pure. Stick sulphur is easily 
stained from it by running the liquid sulphur into wooden moulds 
ig. 45). The sulphur gas which streams into the chamber is at 
higher temperature than that necessary for the combustion of 
ılphur ; it therefore unites with the oxygen contained in the air 
"the chamber and burns to form sulphurous anhydride, evolving 
:the same time a considerable quantity of heat. In consequence 





Fig. 45. 
"this increase in temperature the whole of the air ofthe chamber 
‚addenly expands, and the walls would not be able to withstand the 
creased pressure if the chamber were not furnished with a valve. 
jthis valve opens during the combustion of the sulphur and closes 
!terwards by its own weight. 

The sulphurous anhydride which is now contained in the 
namber is absorbed by the flowers of sulphur, and if this sulphur 
\;afterwards brought into contact with moist air the sulphurous 
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anhydride is gradually oxidized to sulphuric acid. The sulphuri 
acid adheres so persistently to the flowers of sulphur that, even 
after repeatedly washing with water, sulphuric acid may be always 
recognized in the wash-water. For this reason flowers of sulphur 
moistened with water always redden blue litmus paper, which is 
not the case with stick sulphur. 

Sulphur is also prepared by heating iron pyrites in a small 
supply of air, and remelting the sulphur, but the product so ob- 
tained is nearly always contaminated with arsenic. 

All elements which unite with oxygen, either more or less 
energetically, also combine with sulphur and in nearly the same 
degree” And sulphur can also unite with oxygen itself. At the 
ordinary temperature the two elements do not unite with one 
another ; but if sulphur is heated in the air, or in oxygen, it catches 
fire and burns with a pale blue flame, to form sulphurous anhydride, 
Besides this body there are several other compounds of sulphur 
and oxygen, of which sulphuric acid is the best known. 

Sulphur unites directly with hydrogen, only with difhiculty, and 
thecompound of the two elements—sulphuretted hydrogen—iseasily 
decomposed again. Chlorine and sulphur combine with one 
another when gently heated. Phosphorus unites with sulphur 
readily as it does with oxygen, and two of the compounds produced 
correspond in composition to phosphorus and phosphoric anhy 
drides. Nitrogen and sulphur have onlya weak affınity for one 
another, and only combine under peculiar circumstances. Finally, 
charcoal (carbon) burns in sulphur gas as it does in oxygen 
but requires a higher temperature. The compound produced, 
carbon disulphide, has a similar composition to the oxygen com- 
pound, carbonic anhydride. 

All those metals which combine with oxygen either at th 
ordinary temperature or when heated burn almost as easily i 
sulphur gas, forming sulphides, with a similar composition to th 
corresponding oxides. Thin copper foil brought into the vapout 
of boiling sulphur burns brilliantly, with a considerable evolution © 
light and heat, to form molten copper sulphide. 

The sulphides of those metals of which the oxides are deco 
posed by heating—e.g. of silver, gold, platinum—are also reduce 
when heated, especially if exposed to the air. Mercuric sulphid: 
(cinnabar), which simply volatilizes when heated, forms an excep 
tion to this rule, since the corresponding oxide is decompose 
into mercury and oxygen by heat. 


Lu 
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Accordingly as the oxides of the metals are soluble or insoluble 
water, so are the corresponding sulphides. Soluble potassium 
jilphydrate corresponds to soluble potassium hydrate, calcium 
lphide to calcium oxide, and insoluble lead sulphide to insoluble 
ad oxide. 

The metallic sulphides which are soluble in water possess the 
coperty of uniting chemically with more atoms of sulphur than 
e contained in the normal compounds. Potassium sulphide 
KX,S), for example, can unite with four more atoms of sulphur, pro- 
uıcing potassium pentasulphide, which is also soluble in water :— 


B.8- #+1.48 = RS, 


“a solution of this or a similar polysulphide, soluble in water, is 
iixed with hydrochloric acid, the corresponding chloride is formed, 
ıılphuretted hydrogen is liberated, and the excess of sulphur sepa- 
ttes out as a fine, white, amorphous powder. J/X/k of sulphur is 
his ww/w/e precipitate which has been washed and dried. The 
hquation illustrating its production is as follows :— 


K,S, + 2HCl = 2KCl + HS + 48 


SULPHURETTED HYDROGEN. 
Composition: H,S. 


This compound is analogous to water in its composition, and 
Isso resembles water in many of its chemical properties, Itisa 
Ölourless gas with a disgusting odour resembling rotten eggs, has 
specific gravity of 119, and may be condensed, under pressure, 
a mobile liquid, which solidifies at about —85°. The gas is some- 
hat soluble in water, to which it imparts its odour ; the aqueous 
lution reacting slightly acid with litmus paper. A saturated 
}lution in water at the ordinary temperature contains about three 
es its volume of the gas. Alcohol dissolves more, up to five 
mes its volume. 

| Sulphuretted hydrogen, when inhaled in considerable quantities, 
poisonous. The chemist, t0 whom the gas is indispensable, 
comes more sensitive to the poison the more frequently it is 
Iihaled, and the same is also true of other poisons, such as hydro- 
jranic (prussic) acid. In a high state of dilution, sulphuretted 
! 

| L 


























146 Text-Book of Inorganic Chemistry. 


hydrogen is present in many mineral waters—the so-called sul- 
phureous springs (e.g. those of Aix-la-Chapelle, Harrogate). These 
waters are often used for medicinal purposes. 

Sulphur and hydrogen unite directly with one another when 
hydrogen is led over heated sulphur ; but as the affinity between 
the two substances is small, onlya small quantity of the compound 
is produced. It is better to bring hydrogen in the nascent state 
into contact with sulphur, as by decomposing a suitable metallie 
sulphide with a strong acid. 

The gas is easily obtained in quantity when pieces of ferrous 
sulphide contained in a Woulff’s bottle are acted upon by dilute 
sulphuric or hydrochlorie acid. In order to free the gas from 
mechanical impurities it is led through a wash-bottle containing 
water, andis then passed through a calcium chloride tube to dry it. 
It cannot well be collected over mercury, as it is partially decom- 
posed by the metal, forming mercuric sulphide. It is best to em- 
ploy warm boiled water, which dissolves much less of the gas than 
water at the ordinary temperature. 

The ferrous sulphide used for the preparation of sulphuretted 
hydrogen usually contains some free iron, and the gas is therefore 
generally mixed with a small quantity of free hydrogen. In most 
cases this is immaterial, but if the gas is wanted quite pure it may 
be obtained by acting on antimonous sulphide (black antimony) 
with dry hydrochloric acid gas. The reactions in each of these 
cases are expressed in the following equations :— 


Bes + zucl”= E,S + ZErech. 
Ferrous Ferrous 
sulphide chloride 
Sb,S, + 6HCl = 3H,S + 2SbCl, 
Antimonous Antimonous 
sulphide chloride 


Sulphuretted hydrogen is combustible, and is easily ignited. I 
a burning body is brought near a jet of the gas it catches fire an 
burns with a pale, bluish flame, producing water and sulphurou 
anhydride. If the supply of oxygen is insufficient, the hydroge 
only burns, and yellow sulphur is separated. The combustion I 
always accompanied with the separation of sulphur, and it is there 
fore probable that the gas is first decomposed and its constituent 
afterwards burnt. 

In fact, the two elements in sulphuretted hydrogen are only 
very loosely combined. The compound is not only decompose 





















Sulphuretted Hydrogen. 147 


iyy a high temperature, but also by all oxidizing agents, even the 
eakest, sulphur, being usually separated. Even the oxygen of the 
ttmosphere decömposes it in presence of moisture. In a bottle 
aalf filled with sulphuretted hydrogen water, especially when often 
ppened, the odour of the gas gradually disappears and the liquid 
wecomes milky from separated sulphur. Sulphuretted hydrogen 
2dthrough water containing iodine in suspension is rapidly decom- 
wosed, sulphur being set free and hydriodic acid formed ; and this 
feeaction may be utilized to prepare a dilute aqueous solution of 
yydriodic acid. Bromine and chlorine act in the same manner, 
jyut more energetically. Finally, ferric chloride is reduced by 
wulphuretted hydrogen to ferrous chloride with the formation of 
yydrochloric acid and the separation of sulphur :— 


F&c, #7 H,5 = 2HCl + 2Ffec,h #8 
Ferric Ferrous 
chloride chloride 


The insolubility of the majority of the metallic sulphides in 
zater and the insolubility of some of them in dilute acıds makes 
lphuretted hydrogen a valuable reagent for the precipitation of 
many of the metals from the solutions of their salts. If the gas is 
ked through a solution of silver nitrate, or if sulphuretted hydrogen 
hrater is added to this solution, a black precipitate of silver sulphide 
$; formed and the solution then contains dilute nitric acid :— 


2NO,-OAg + H,S = AgS + 2NO,-OH. 


In the same manner the gas produces a yellow precipitate of 
\rrsenious sulphide in an acid solution of arsenious acid, an orange 
ooloured precipitate of antimonous sulphide in a solution of anti- 
haonous chloride, &c. 

| The affinity of sulphur for most of the metals is so strong and 
bar hydrogen so weak that some metals which do not combine 
lürectiy with oxygen can decompose sulphuretted hydrogen. 
\iilver, for example, becomes brown in an atmosphere containing 
Nae compound, owing to the production of silver sulphide. We 
fay the silver tarnishes. This action is even produced by the 
iinute quantities of the gas exhaled by the human body, contained 
Nı our coal-gas, and, therefore, always present in inhabited places. 
he darkening of oil paintings by age is also produced by the 
tion of sulphuretted hydrogen. The lighter tints in these pic- 
jıres nearly always contain white-lead (lead carbonate), and this 


ecomes gradually converted into black lead sulphide. 
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HYDROGEN PERSULPHIDE, 


The composition of this body, which is richer in sulphur than 
sulphuretted hydrogen, has not yet been determined with certainty 
owing to its instability. Its probable composition is H,S,, corre- 
sponding to hydrogen peroxide, H,O,. 

If hydrochloric acid is added to a solution of potassium penta- 
sulphide, decomposition into potassium chloride, sulphuretted 
hydrogen, and sulphur occurs, as shown on page 145. But if the 
solution of potassium pentasulphide is poured into concentrated 
hydrochloric acid, there is produced, besides the substances 
mentioned above, a heavy oily liquid, with a piercing odour, which 
sinks to the bottom of the acid liquid. If this liquid is removed 
by a separating funnel and left to itself, it gradually decomposes 
into sulphuretted hydrogen and sulphur. 

If the freshly-prepared oil is removed to a thick glass tube and 
then sealed up it undergoes the same decomposition. And the 
greater the quantity of sulphuretted hydrogen set free the greater 
becomes the pressure until finally the gas is liquefied. The sul- 
phur which is set free at the same time is usually deposited as 
distinct crystals in the tube. Such tubes containing liquid sulphu- 
retted hydrogen are dangerous to handle. It sometimes happens 
that they suddenly explode after having withstood the pressure 
of the gas for years. 


OXYGEN COMPOUNDS OF SULPHUR. 


Sulphur and oxygen unite together in two proportions an 
produce :— 


Sulphurous anhydride . ; SLOT 
Sulphuric anhydride . : 505 


In the former of these sulphur is a tetrad, in the latter it is 
hexad. Both substances unite with bases and form stable salt 
and the latter when combined with water yields the most importan 
of the acids of sulphur :— 


Sulphuricacd . - . 50,|94 


OH 
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Besides these compounds, which are by far the most important, 
ı number of other oxy-acids of sulphur are known, partly in the 
tree state and partly combined in their salts. They are all dibasic 
»xcept hydrosulphurous acid. 

Among the next important are !— 


Thiosulphuric acid . 3 : 50; | - 

Dithionic aid . 0.0. 12 = ne 
am 

Disulphuric acid ; ‚on SO'.OH 


Thiosulphuric acid is a derivative of sulphuric acid; in it one 
bfthe atoms of oxygen united with the hydrogen in sulphuric acid 
ss displaced by an atom of dyad sulphur. The two sulphur atoms 
n this compound have, therefore, different functions ; the one 
hatom is hexad, and the other, displacing the oxygen, is dyad. 
ithionic acid is a compound of two atoms of the monad radical 
30,'OH ; and in disulphuric acid two atoms of the same radical 
hare united together by an atom of oxygen. 

Besides these compounds the following are also known, although 
leess thoroushly investigated :— 


Hydrosulphurous acid . R 2 so ka 
ithioni i 1S0,-OR 
Trithionic acid A n h A S Sc ” Ö 
1 1 1 > | S 23 e: O R 
Tetrathionic acid . B . R Sr so; .o 
1 1 1 N ( fr [@) -OR 
> SO,-C 
Pentathionic acid . r 5 . Ds | 50:0 s 


Jin these formule R stands for an atom of a monad metal in the 
Ssalts of these acids, many of which have not been prepared in the 
Tree state. 

"  Hydrosulphurous acid probably contains tetrad sulphur united 
with one atom of oxygen and one of hydrogen to form the monad 
tadical (SOH). 

'  Tri-, tetra-, and pentathionic acids are similarly constituted to 
lithionic and disulphuric acids, and contain two atoms of the 
radical SO,-OH united together by one, two, or three atoms of 
lyad sulphur respectively. 


| 
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SULPHUROUS ANHYDRIDE 
Composition : SO,. 


This compound, which is produced when sulphur burns in the 
air or oxygen, is a colourless gas with a powerful piercing odour, 
an acid reaction and taste. Its specific gravity is 2'216, and it 
contains its own volume of oxygen ; for if sulphur is burntin a 
closed volume of oxygen, the volume of the gas remains unchanged. 
From these data the composition of the gas may be easily calcu- 
lated, thus :— 


2 vols. (1 molecule) sulphurous anhydride weigh 2'216 x 28 : 88=64 
Den 55 oxygen „ 2x16 = 32 
ı atom of sulphur i ß 2 ; i & 32 


—7.e. a molecule of sulphurous anhydride contains one atom of 
sulphur and two atoms of oxygen. 

Sulphurous anhydride may be easily condensed by cold or 
pressure to a colourless mobile liquid, which boils at — 10° and 
solidifies under — 70°. 

The gas is absorbed by water in considerable quantities. One 
volume of water at the ordinary temperature absorbs about fifty 
times its volume of the gas. The aqueous solution possesses the 
odour of the gas and again gives it up when heated. 

Sulphurous anhydride is contained in the gases of volcanoes. 
It is obtained in large quantities for technical purposes by burning 
sulphur or by roasting sulphurous ores (e.g. iron pyrites). The 
gas so obtained is of course very impure ; it contains all the nitro- 
gen present in the air employed. 

The pure compound is best obtained by reducing sulphuric 
acid with some suitable metal—usually copper. Pieces of copper 
are placed ina large flask, covered with concentrated sulphuric 
acid, and the mixture gently heated until the evolution of gas 
begins (fig. 46). The two substances do not act upon one another 
inthe cold. The gas is purified by passing it through a waslı- 
bottle containing concentrated sulphuric acid, and is then collected 
in suitable vessels. As it is absorbed in such large quantities by 
water it cannot well be collected over this liquid ; mercury may, 
however, be employed. It can also be easily collected by displace- 
ment by leading the gas to the bottom of the vessel to be filled 





und 
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hand loosely closing the mouth. The heavy gas gradually fills the 
sar and expels the lighter air before it. 
Liquid sulphurous anhydride may be easily obtained in quantity 
ny leading the pure gas into a tube surrounded with a freezing 
ixture of ice and salt; the tube (as shown in the figure) being 
sontracted at one point so that it may be easily melted and hermeti- 
cally sealed after a sufficient quantity of the gas has been con- 
lensed. 















































\ 
\ 
| 
The production of sulphurous anhydride from sulphuric acid and 
|ccopper may be expressed by the following equations, which indicate 
Itthat an atom of copper first abstracts an atom of oxygen from the 
|ssulphuric acid, forming sulphurous acid and copper oxide, the former 
!breaking up immediately into sulphurous anhydride and water, and 
\tthe latter uniting with the excess of sulphuric acid to form copper 


\ssulphate and water :— 


er: + Cu = SO, + H,O + CuO. 
Aal! Br ; Rp 
50, 10H + Cud = 80,:0;€u + E30: 


The final products are therefore sulphurous anhydride, copper 
:sulphate, and water, and the whole reaction may be thus ex- 
|pressed :— 


1 
. 
1! 
1 
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250, ka + Cu = %&0, + 80.0.0 + =H0 


The student will notice that this process is essentially different 
fromthat which takes place when dilute sulphuric acid acts upon zinc 
to form zinc sulphate and hydrogen. In the latter case the two 
atoms of hydrogen in sulphuric acid are Sen displaced by the 
equivalent quantity of zinc (one atom) : 

Ta kelst 

So, \0H 
while in the former case the sulphuric acid ioses an atom of oxygen 
and becomes reduced to sulphurous acid. 

Only a few metals besides copper can reduce sulphuric acid in 
this manner ; among them are mercury and silver. 

Sulphurous anhydride mixed with carbonic oxide and carbonic 
acid may also be cheaply obtained in large quantities by heating 
concentrated sulphuric acid with charcoal :— 


Zn = SO,-0,2n + H,; 


293 


+ 0 = 50 + co 2 0: 


This method is valuable for those purposes where the admixture 
with carbonic oxide and acid has no injurious effect—for example, 
in the manufacture of the sulphites. 

Sulphurous anhydride is a compound radical called sz/dhuryl, 
and behaves in its compounds like a dyad element. Mixed with 
oxygen and led over heated platinum in a finely divided state the 
two substances unite to form sulphuric anhydride :— 

0, +.:07=. 50% 
Its aqueous solution absorbs oxygen from the air and becomes 
converted into sulphuric acid. It further unites directly with 
chlorine, when a mixture of the gases isexposed to bright sunlight, 
producing swldhuryl chloride—SO,Cl,. This compound is a 
colourless liquid with a powerful odour, which boils at 70° and is 
decomposed by water into hydrochloric and sulphuric acids. 

From a saturated solution of the gas in water at o°a crystalline 
compound separates out, having the composition SO, + 15H,O. 
It melts at 4°, and is decomposed into its constituents. 

Most bodies which easily give off oxygen oxidize sulphurous 
anhydride, in the presence of water, to sulphuric acid. It is 
absorbed by manganese peroxide forming manganous sulphate 
and by lead peroxide producing lead sulphate :— 


SO, + PbO, = S0,-0,Pb. 
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The production of this lead sulphate is accompanied with a large 
evolution of light and heat. Ifalittledried lead peroxide enclosed 
ina piece of thin muslin is brought into a Jar of the dry gas, 
the black oxide becomes red-hot and is rapidly converted into 
white lead sulphate. 

Under ordinary circumstances hydrogen has no action on sul- 
phurous’ anhydride, but in the nascent state, especially in the 
presence of acids, the latter is reduced to sulphuretted hydrogen 
and sulphur. Ifa little of the aqueous solution is poured into a 
flask containing zinc and sulphuric acid, the hydrogen which is 
evolved soon smells strongly of sulphuretted hydrogen and pro- 
ducesa black precipitate of lead sulphide if led into a solution oflead 
acetate, atthe same time the liquid in the flask becomes milky from 
separated sulphur. The sulphur which is here set free is produced 
oy the action of sulphuretted hydrogen upon sulphurous anhydride. 
Whenever these two substances come into contact with one 
another, whether in the gaseous state or in solution in water, 
mutual decomposition ensues into sulphur and water :— 


2, Ss # SO, e zH0 +38 


\When the reaction takes place slowly the sulphur is often deposited 
in the crystalline form, and it is possible that considerable quan- 
tities of the sulphur occurring free in nature have been produced 
by this reaction. 

Sulphurous anhydride bleaches organic colouring matters like 
chlorine, but the bleaching effect is produced in a different way. 
We have seen that chlorine bleaches partly by the formation of 
colourless substitution compounds, and partly by oxidation in the 
presence of water, or by both processes together, and the bleached 
colours cannot be therefore restored. Put it appears as if the 
bleaching of sulphurous anhydride were produced by its direct 
union with the colouring substances. And as sulphurous anhydride 
can be expelled from its compounds by strong acids, the colour of 
many bodies bleached with this substance may be restored by 
treatment with strong acids. A rose which has been bleached by 
sulphurous anhydride regains its colour when washed with water 
and placed in dilute sulphuric acid. Similarly, a substance which 
unites with sulphurous anhydride more powerfully than the colour- 
ing matter (e.g. a strong base), will alsorestore the colour. Flannel 
which has been repeatedly washed regains the original yellow 
colour of the wool owing to the action of the alkali contained in the 
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soap used in cleansing it. Substances upon which chlorıne acts 
too energetically—silk, wool, straw, &c.—are usually bleached by 
sulphurous anydride. 

Sulphurous anhydride also possesses powerful antiseptic proper- 
ties. It destroys the smell of decomposing organic substances and 
stops the action of those organisms which produce fermentation 
and putrefaction. Burning sulphur was used as early as Homer’s 
time to disinfect closed spaces.! 


Sulphurous acid— probably SO 94-5 known only in the 


sulphites. It is a weak dibasic acid, and forms, therefore, two 
series of salts, normal and acid—e.g. :— 


i r ‚n |ONa 

Normal sodium sulphite . ; ; So \ONa 
; : ; NOT 

Acid sodium sulphite . ’ : 2:80 \ONa 


The sulphites are formed by the union of sulphurous anhydride 
with strong bases. They are all decomposed by dilute mineral 
acids, with liberation of sulphurous anhydride. 

The presence of sulphurous acid in any of its compounds may 
be detected by the odour of the gas when liberated bya dilute acid. 
If the quantity is too small to be detected in this way,the gas may 
be allowed to act upon iodic acid, when sulphuric acid and free 
iodine are produced. Ifa piece of paper moistened with a solution 
ofiodic acid anda little starch is hung up in a cylinder containing 
the liquid to be examined, the paper soon becomes blue, owing to 
the union of the liberated iodine with the starch. 

The sulphites may, however, havea different composition to that 
given above. They may be formed on the type of the hypothetical 
acid SO, => which would be called hydrosulphuric acid. This 
acid would then be a monobasic acid, but in which the second 
atom of hydrogen—that united directly to the sulphur—could also 
be displaced by a metal. What we now call acid sodium sulphate 


! + Bring sulphur straight and fire’ (the monarch cries) : 
She hears, and at his word obedient flies. 
With fire and sulphur, cure of noxious fumes, 
He purg’d the walls and blood-polluted rooms. 
Odyssey, Xi. 527-5530. (Pope's Translation.) 
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would then be the normal hydrosulphate : SO, Se andournormal 
sulphite would be sodium sodiosulphate : SO, ' oe These con- 


siderations are supported by many facts in organic chemistry, 
and the decision which view is correct cannot be long delayed. 
Possibly isomeric salts of the two acids exist together. 


Corresponding to this hypothetical hydrosulphuric acid with 
one atom less oxygen is :— 


( R ; $ 
Hydrosulphurous acid: SO | 2 sometimes called after its dis- 


coverer, Schützenberger’s Acid. The acid, which has not yet been 
obtained in the pure state, is prepared by digesting a concentrated 
aqueous solution of sulphurous anhydride with metallic zinc, in 
which the latter dissolves with the evolution of gas. The yellow 
liquid so obtained, which contains hydrosulphurous acid, possesses 
powerful reducingand bleaching properties. It rapidly decomposes 
first into thiosulphuric acid and then into sulphurous anhydride, 
water, and sulphur. The sodium salt may be prepared by digest- 
ing together zinc and a concentrated solution of acid sodium 
sulphite. 


SULPHURIC ACID. 


(OH 


Composition: H,SO,,or SO, \OH 


If a further atom of oxygen is made to unite with sulphurous 
anhydride, the compound sulphuric anhydride (SO,) is formed. 
But far more important than this body is the substance produced 
when it unites with water—viz. sulphuric acid, or 02/ of vitriol, as it 
is sometimes called from the old method of preparing it. 


Sulphuric acid is a compound of hexad sulphur, and contains the 
radical SO, united to two atoms of hydrogen through the interven- 
tion of two oxygen atoms. 

Sulphuric acid is a colourless, odourless, viscid liquid, which 
does not fume intheair,and has a specific gravity of 1°84. It boils 
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at 338° and can be distilled, but only with partial decomposition, into 
sulphuric anhydride and water. It mixes with water in all propor- 
tions, and during mixing evolves a large quantity of heat. Even 
when very largely diluted with water it reacts and tastes strongly 
acid. Below 0? it freezes to a crystalline solid. 

In nature sulphuric acid occurs chiefly in combination with lime 
as gypsum or anhydrite, widely distributed and in very large quanti- 
ties, and besides this as Aeavy spar or barite (barium sulphate), as 
celestine (strontium sulphate), as G/auber’s salt (sodium sulphate), 
Naeh 

Calcium sulphate is such a common mineral that it might be 
thought capable of yielding an inexhaustible source of cheap 
sulphuric acid, and this would be so were it possible to separate 
the sulphuric acid from its combination with the lime as easily as 
we can separate carbonic acid from chalk or nitric acid from nitre. 
But sulphuric acid is so firmly united with the lime in calcium 
sulphate that we can neither expel it by heatine nor by the action of 
a stronger acid, and gypsum is not therefore adapted for the manu- 
facture of sulphuric acid, nor has it ever been used for this purpose. 

The acid may, however, be obtained in many other ways. 
Sulphur, which burns in oxygen to sulphurous anhydride, is con- 
verted when heated with concentrated nitric acid or other powerful 
oxidizing agents into the higher oxide—sulphuric acid. And here 
the question may present itself, Why is it thatwhilecarbon and phos- 
phorus when burning in the air always produce their higher oxide, 
sulphur only forms its lower oxide? The reason is that sulphuric 
anhydride cannot exist at a high temperature, but is decomposed 
into oxygen and its lower oxide, and that the temperature of com- 
bustion of sulphur is higher than the point at which sulphuric anhy- 
dride is decomposed. If we could by any means lower the tempe- 
rature of combustion of sulphur, it would undoubtedly produce 
sulphuric anhydride when burning in air, but up to the present 
this problem has not been solved, and we must therefore look for 
some other method of oxidation. The best substance for this 
purpose, and that exclusively used for the manufacture of sulphuric 
acid, is nitric acid. 

In order to understand this process, it must be remembered 
that nitric acid, which has the composition NO,-OH, yields up 
a portion of its oxygen and becomes converted into nitric 
oxide (NO) in the presence of sulphurous anhydride and water. 
Three molecules of sulphurous anhydride therefore require two 
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molecules of nitric acid and two of water to be converted into sul- 
phuric acid :— 


350, + 2NO,-OH + 2H,0 = 350,104 + 2NO. 

But if as in this equation two molecules of nitric acid were con- 
sumed in the production of every three molecules of sulphuric acid, 
the price of the latter acid would be scarcely lower than that of 
the former. As a matter of fact, the nitric acid can oxidize much 
larger quantities of sulphurous acid than that expressed in the 
above equation— more than ten times as much. This is rendered 
possible by the remarkable property which the colourless nitric 
oxide possesses of uniting with the oxygen of the air, even at the 
ordinary temperature, and forming red vapours consisting of nitrous 
anhydride and nitric peroxide, and these gases again give upoxygen 
to sulphurous anhydride, oxidizing it to sulphuric acid in the pre- 
sence of water, and being themselves again reduced to nitric oxide. 
It thus appears as if a small quantity of nitric oxide would be able 
to convert an unlimited quantity of sulphurous anhydride into sul- 
phuric acid, if allowed to act upon a mixture of the gas and pure 
oxygen together with water vapour in the correct proportions. The 
oxygen would at once convert the nitric oxide (NO) into nitric per- 
oxide (NO,), which would be again reduced to nitric oxide in the 
presence of sulphurous anhydride and water vapour :— 


(OH 
:\OR 
and this could then produce further quantities of sulphuric acid, 
and so on. 

But such a process cannot be carried on in practice, simply 
becauses it presupposes an inexhaustible supply of pure oxygen. 
The manufacturer must make use of the oxygen contained in the 
air. The air, by the gradual abstraction of its oxygen, becomes 
largely diluted with nitrogen, and ultimately the small proportion 
of oxygen present will not unite with the nitric oxide sufficiently 
quickly. When this point is reached, the valuable nitrogen com- 
pounds would be wasted if a method had not been discovered of 
condensing them, and reintroducing them into the chambers. 

The manufacture of sulphuric acid on a large scale, based 
upon the above-mentioned chemical principles, is conducted as 
follows. 

The sulphurous anhydride is obtained either by burning sulphur 


NO, + 50, + HO = 50 + NO 


’ 
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or by roasting iron pyrites. It is then allowed to stream, mixed 
with atmospheric air, into a large leaden chamber, where it comes 
into contact with nitric acid vapours. A small portion of the sul- 
phurous anhydride is at once oxidized by thenitric acid to sulphuric 
acid, but by far the greater portion passes on, mixed with nitric 
peroxide, nitrous anhydride, and nitric oxide, into the next chamber, 
into which steam is led from a boiler. The reactions mentioned 
above go on in this chamber, and the dilute sulphuric acid collects 
on the floor.! 

The motion of the gases through the chambers is produced by 
a tall shaft placed at the further end, which returns the useless 
nitrogen to the atmosphere. But before it reaches the shaft it is 
made to pass through what is called a Gay Lussac’s tower to retain 
the valuable oxides of nitrogen so that they may be again used to 
produce a further quantity of sulphuric acid. It has been found 
that strong sulphuric acid can absorb nitric peroxide, and especially 
nitrous anhydride, in considerable quantities. This property is 
utilized in the Gay-Lussac’s tower by causing strong sulphuric acid 
to trickle down in a finely divided state over pieces of coke, in 
order to expose as large a surface of the acid as possible to the 
ascending gases. The strong acid containing the oxides of nitro- 
gen in solution (so-called ztrafed acid), which collects at the foot 
of the tower, is pumped back to the other end of the chambers. 
The gases which it contains are then again liberated by mixing it 
with dilute acid, and are again introduced into the chambers by 
allowing it to flow down a second tower (Glover’s tower), through 
which the sulphurous anhydride and air are made to pass. 

The chambers in which the sulphuric acid is produced are 
made of lead, because lead is the only substance available which 
resists to some extent the action of sulphuric acid. The leaden 
plates constituting the chambers are melted together by means of 
the oxy-hydrogen blowpipe, and are supported externally by a stout 
wooden framework. 

The acid which collects on the floor of the chambers—the 
chamber acid—is somewhat dilute, and only contains little more 

I The reactions given here only explain in a general manner what goes on in 
the chambers. What really happens is doubtful, and is probably dependent 


upon the proportions in which the various substances are introduced into the 


chambers. Ifthe supply of steam is deficient, white erystals having the com- 


position SO, {86 are produced, which under the action of water at once 


break up into sulphuric acid, nitric acid, and nitric oxide.— ED. 
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than 64 per cent. of the pure acid (sp. gr.=1'55). By heating in 
leaden vessels it is concentrated until it contains about 78 per cent. 
ofthe pure acid. This is the drown acid of commerce, and has a 
specific gravity of about 171. The concentration cannot be carried 
further in leaden vessels, as at this point the lead begins to be 
attacked. Further concentration is then carried on in vessels of 
glass or better of platinum. The sulphuric acid so prepared is 
usually coloured brown from traces of organic substances, and 
always contains lead sulphate in solution. If diluted with water or 
alcohol, the liquid becomes turbid, and ultimately deposits a white 
precipitate of this lead sulphate, which is more soluble in the con- 
centrated than in the dilute acid. 

lf iron pyrites is used in the manufacture of sulphuric acid, 
the acid always contains arsenic, sometimes. in not inconsiderable 
quantities. A sample of the acid containing arsenic when diluted 
with water, and saturated with sulphuretted hydrogen, first turns 
yellow, and then deposits a yellow precipitate of arsenious sulphide. 
By far the greater quantity of sulphuric acid which is brought into 
trade contains arsenic ; only a comparatively small quantity of the 
more expensive acid free from arsenic is manufactured from Sici- 
lian sulphur. 

The colourless, concentrated, chemically pure sulphuric acid 
is prepared by distilling the acid free from arsenic in platinum 
vessels. During distillation it always undergoes a partial decom- 
position into sulphuric anhydride, which passes over with the 
distillate and water which remains behind ; this goes on until the 
acid contains 98 per cent. of the pure compound, which then 
distils over unchanged. 


Sulphuric acid is one of the strongest acids, and expels there- 
fore nearly every other acid from its compounds. It is, like 
sulphurous acid, a dibasic acid, and its acid salts possess a strong 
acid reaction and taste. With few exceptions, its salts are soluble 
in water. Sulphuric acid is distinguished by its powerful attraction 
for water, with which it unites in several definite proportions, 
always evolving a large quantity of heat. The compound with one 
molecule of water— SO, Fe +H,O—has the specific gravity 
178, and solidifies in a crystalline form at +8°. Unlike water, it 
does not expand on solidification, and vessels filled with this acid 
do not therefore burst on freezing. If to this compound a further 
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quantity of water is added, a further quantity of heat, though less 
than before, is evolved. And the quantities of heat which are set 
free when one, two, or three molecules of water unite with one 
molecule of sulphuric acid are in a certain definite proportion to 
one another. 

The strong attraction of sulphuric acid for water.is employed 
to dry those gases upon which the acid has no action (e.g. oxygen, 
hydrogen, carbonic acid), the gases being simply led through a 
wash-bottle containing the strong acid. It also serves to dry solid 
and liquid bodies which are placed in a closed space (a desiccator) 
with the concentrated acid. The acid then rapidly absorbs all 
the water vapour which evaporates from the substances to be dried. 

Ördinary commercial sulphuric acid is always of a brownish 
colour, due to the decomposition of particles of dust of organic 
origin. If a splinter of wood is dipped into the concentrated acid 
it soon becomes brown and then black from the charcoal which 
the acid has set free from the wood by abstracting oxygen and 
hydrogen in the form of water. These elements are not present 
as water in the wood, but the acid compels them to combine to 
form water, with which it then unites. 

Sulphuric acid is by no means so permanent as its powerful 
affinities and high boiling point might lead us to suppose. Even 
below a red heat, if allowed to drop upon hot bricks or upon pieces 
of pumice stone contained in a hot platinum retort, it is decom- 
posed into water, oxygen, and sulphurous anhydride. If the 
mixture of gases so obtained is led into a solution of caustic soda, 
the sulphurous anhydride is absorbed, and considerable quantities 
of pure oxygen may be obtained. The instability of sulphuric 
acid at high temperatures is the reason why burning sulphur 
produces sulphurous anhydride and not sulphuric anhydride. 

Nascent hydrogen reduces concentrated sulphuric acid (not the 
dilute acid) to sulphuretted hydrogen :— 

so, {oH 2.4, = HS 0% 40, 

If a few drops of concentrated sulphuric acid are allowed to 
flow by means of a funnel tube into a flask evolving hydrogen, the 
hydrogen soon acquires the characteristic odour of sulphuretted 
hydrogen, and produces a black precipitate of lead sulphide in a 
solution of lead acetate. Zinc, iron, nickel, manganese, and other 
metals which possess a strong attraction for oxygen and are 
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dissolved by dilute sulphuric acid with evolution of hydrogen, are 
not attacked even when heated with the concentrated acid, probably 
because their sulphates are so insoluble in the concentrated acid 
that they incrust the metals and prevent any further action. 
Other metals, as copper and mercury, which in consequence of a 
feebler attraction for oxygen are not attacked by dilute sulphuric 
acid, redüce the concentrated acid when heated with it, forming 
sulphurous anhydride and a sulphate soluble in concentrated 
sulphurie acid. In this way sulphuric acid, which we prepare 
from impure sulphurous anhydride, aftords us the best material for 
the preparation of this substance in the pure state. 

Sulphurie acid contains two atoms of displaceable hydrogen, 
and is therefore a dibasic acid. With monad metals it forms two 
series of salts—the normal and acid—e.g. :— 


: : IONa 

Normal sodium sulphate so, \ONa 
; ; (OH 

Acid sodium sulphate & : : 5 so,;| ONa 


Most ofthe su/phates are soluble in water, the most important 
exception being barium sulphate, which is quite insoluble in water 
and dilute acids, and which is therefore used to detect sulphuric acid 
orasulphate inan aqueous solution. Onthe addition ofa few drops 
of barium chloride to such a solution, the presence of sulphuric 
acid isat once recognized by a white turbidity or precipitate of 
barium sulphate which is insoluble in hydrochloric acid. 

The great progress which has been made during the past fifty 
years in technical chemistry and the arts generally, is dueto a 
large extent to improvements in the manufacture of sulphuric acid. 
Hundreds of thousands of tons of sulphuric acid are manufactured 
annually in England, Germany, and France alone, and by far the 
greatest part of this immense quantity isused for the production of 
soda, from which again two of the most indispensable articles 
of daily life—soap and glass—are obtained. Besides this the 
acid is also used for an immense number of other chemical pro- 
cesses, and, in fact, there is scarcely any chemical manufacture in 
which sulphuric acid does not take a direct or indirect part. It 
will, therefore, be at once apparent that a reduction in the price of 
this important substance to one-tenth the amount paid for it a little 
more than a century ago must have exercised a most beneficial in- 
fluence on the development of technical chemistry. 

If, as is not only possible but even probable, further improve- 


M 


162 Text-Book of Inorganic Chemistry. 





ments are made in the manufacture of sulphuric acid, and its price 
becomes still lower, the price of soda, glass, soap, and stearine, of 
superphosphate manures and hundreds of other things, would at 
once fall to a considerable extent. 


SULPHURIC ANHYDRIDE. 
Composition : SO,. 


This substance, which is sometimes called sulphuric acid, is very 
unlike sulphuric acid in its properties. It is a solid body, crystal- 
lizing in white, silky needles. It melts at ı5° and boils at 46°, 
producing vapours which form thick white fumes of sulphuric acid 
in moist air. The density of its vapour, compared with the air as 
unity, is 2'77, corresponding to a molecular weight of 80. 

Sulphuric anhydride may be easily obtained from sulphurous 
anhydride and oxygen. A mixture of the two gases remains un- 
changed even if heated or exposed to sunlight, but if led over a 
layer of heated platinum, contained in a tube of hard glass, the two 
substances at once unite with one another, and the presence of sul- 
phuric anhydride is made manifest by the dense white fumes pro- 
duced where the gases come into contact with the air. The 
platinum itself remains quite unchanged ; it acts in some unknown 
manner upon the gaseous mixture, and its action is an example of 
what is called, for want of a better name, confact action. Perhaps 
the phenomenon depends upon the property of platinum to con- 
dense considerable quantities of oxygen on its surface and so liquefy 
the gas; or it may be that the oxygen is converted into its active 
modification—ozone. Instead of pure platinum it is better to em- 
ploy platinized asbestos—z2.e. asbestos of which the surface has been 
covered with a thin layer of platinum.! 

Sulphuric anhydride is commonly prepared from Nordhausen 
or fuming sulphuric acid, which may be considered as a solution of 
the anhydride in sulphuric acid. When this acid is gently heated 
in a retort, the anhydride volatilizes and condenses in a cool dıy 
receiver as a colourless crystalline mass. 

Sulphuric anhydride is especially characterized by its strong 
attraction for water. Ifa drop of the molten substance is allowed 


I Prepared by dipping asbestos into platiric chloride solution, drying, and 
heating to redness.—ED. 
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to fall into a vessel of water, it sets free a large quantity of heat and 
hisses like a red-hot iron on immersion in water. If a drop of 
water happens to fall into a glass vessel containing the anhydride, 
chemical union at once takes place with an explosion, and the 
vessel is always shattered. Inall cases the compound produced 
by its union with water is sulphuric acid. Sulphuric anhydride 
acts even more powerfully on organic substances than sulphuric 
acid ; it abstracts water and chars them. A cork or india-rubber 
stopper cannot, therefore, be used to close a bottle containing 
the volatile anhydride. Formerly sulphuric anhydride was only 
employed for certain reactions in the laboratory on a small scale, 
but it is now used more and more in the arts; for example, in the 
manufacture of alizarine from anthracene. It is now prepared in 
considerable quantities in chemical works, and is an article of 
commerce. 


NORDHAUSEN OR FUMING SULPHURIC ACID. 


This acid is not a definite chemical compound, but consists (as 
we have previously stated) of sulphuric acid containing more or less 
sulphuric anhydride in solution. In former times it was principally 
manufactured at Nordhausen, in the Harz Mountains, though at 
present none is made there. 

Fuming sulphuric acid is a thick oily liquid, usually coloured 
brown from the presence of minute particles of carbon, and is dis- 
tinguished from ordinary sulphuric acid by the fact that it fumes 
in the air. These fumes consist of the volatile sulphuric anhydride 
which it gives off, and which unites with the moisture of the air. 

The acid is usually prepared from green vitriol (ferrous sul- 
phate). This salt crystallizes with seven molecules of water, and 
has the composition: SO,-O,Fe+7H,0. When heated in the 
air it easily loses six molecules of water, but the seventh only at a 
higher temperature, at which the salt itself begins to be decomposed. 
The salt, after being dried as thoroughly as possible, is heated in 
clay retorts provided with receivers of the same material. It is 
then decomposed into ferric oxide (called capırt mortuum or col- 
cothar), which remains behind in the retorts, and sulphurous anhy- 
dride with sulphuric anhydride, which distil over, the latter con- 
densing in the cool receivers. The small quantity of water which 
the dried salt still contains suffices to convert the sulphuric anhy- 
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dride in theretort into liquid fuming sulphuricacid. The following 
equation represents the process :— 
250,:0O,fe = F&0, + SO, + SO, 

A larger quantity of acid is obtained, and without the production 
of sulphurous anhydride, when the mother-liquor from ferrous sul- 
phate, which contains the ferric salt, is evaporated and calcined. 
The mass so obtained consists principally of basic ferric sulphate 
of the composition: S,O,Fe,=2SO,, Fe,O,, which on further heat- 
ing in retorts breaks up into ferric oxide and sulphuric anhydride. 

As was stated on p. 162, fuming sulphuric acid when heated in 
a retort boils and gives off the sulphuric anhydride which it con- 
tains even below 100°. As the quantity of anhydride becomes less 
and less the boiling point rises, until at last ordinary sulphuric acid 
remains in the retort. 

When cooled, fuming sulphuric acid deposits colourless crystals, 
which melt at 35°, and consist of disulphuric acid, the properties 
of which are described below (p. 166). 


Sulphurous anhydride can unite not only with an atom of 
oxygen but also with an equivalent quantity—.z.e. two atoms—of 
chlorine. The compound so produced is Su/phuryl chloride: 
SO,Cl,. Besides this body another chlorine compound is known, 
intermediate between sulphuryl chloride and sulphuric acid, and 
which may be considered as sulphuric acid with one atom of 
hydroxyl (OH) displaced by one atom of chlorine. This is C’/lor- 


sulphonic acid: SO, | Be The latter isa monobasic acid, because 


it contains one atom of hydrogen displaceable by a metal, while 
the former is an indifferent substance, and cannot enter into com- 


bination with bases. 


SULPHURYL CHLORIDE. 


Composition : SO,C],. 


This substance is a mobile colourless liquid, with a piercing 
odour. It fumes slightly in the air, has a specific gravity of 17, 
and boils at 70°. It may be obtained by direct union of chlorine 
and sulphurous anhydride when a mixture of the two gases in 
equal volumes is exposed to direct sunlight, or more readily, and 
in larger quantities, when chlorsulphonic acid is heated in closed 
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tubes to 200° or 210° for about twelve hours. Two molecules of 
chlorsulphonic acid are then decomposed into one molecule of 
sulphuryl chloride and one of sulphuric acid :— 
250,164 =. 80,6, 4 oe 

The.liquid product, which is usually of agreenish yellow colour, 
is heated ina retort, and the portion passing over up to 110° again 
rectified on the water bath. The portion which then distils over 
at about 70° isnearly pure sulphuryl chloride. In order to separate 
minute quantities of chlorsulphonic acid and sulphuric anhydride, 
which it still contains, the distillate is poured into a separating 
funnel containing pieces of ice. The ice at once acts upon these 
impurities, while the sulphuryl chloride, which is scarcely attacked, 
sinks as a heavy oil to the bottom of the funnel. It is then freed 
from water with phosphoric anhydride, redistilled, and if the first 
portions of the distillate, which contain sulphurous acid and 
chlorine, are rejected, is so obtained perfectly pure. 

Sulphuryl chloride is easily decomposed by water into sulphuric 
and hydrochloric acids :— 


IOL 
SO,Ch, + 2H,0 = 80,9 + =HCı. 


CHLORSULPHONIC ACID. 


Composition: SO, | 


This substance is also a colourless liquid, with a specific gravity 
of 177, and boiling at 153°. Itis at once decomposed by water, 
with a considerable evolution of heat, into sulphuric and hydro- 
chloric acids :— 


(€ 'OH 
SO, \OH * Ho = SO, |0H + HCl. 
Chlorsulphonic acid may be produced by the direct union of 
sulphuric anhydride and hydrochloric acid gas—SO,O + HCl = 
SO, ' a but is best obtained by heating together molecular 


weights of sulphuric acid and phosphorus pentachloride, when 
hydrochloric acid and phosphoric oxychloride are also produced :— 


DE en son + POC, + HCı 


h) 


ww 
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It may then be separated from the more volatile phosphoric OXy- 
chloride (B.P.= 110°) by fractional distillation. Metallic salts of 
chlorsulphonic acid have not yet been prepared. 





NITROSULPHONIC ACID. 


NO, 
OH 

This compound, which may be considered as sulphuric acid in 
which one atom of hydroxyl is displaced by the group of atoms 
NO,, separates out as colourless crystals when nitric peroxide is 
led into concentrated sulphuric acid or sulphurous anhydride into 
cold fuming nitric acid. The latter reaction is expressed by the 
equation :— 


Composition: SO, | 


NO, 
OH 
Nitrosulphonic acid is also produced by the action of sulphurous 
anhydride on a mixture of nitric oxide and oxygen in the presence 
of a small quantity of water, and occurs therefore in the sulphuric 
acid chambers when the quantity of steam is insufficient. The 
so-called wAz/e crystals to which we have previously referred 
(p. 158 zofe), consist of this compound, and their presence in the 
chambers is usually considered to indicate irregularities in the 
manufacture. 
Nitrosulphonic acid is dissolved by sulphuric acid, but decom- 
poses when gently heated or when brought into contact with water. 
In the latter case sulphuric acid and nitrous acid are produced, and 
the latter then decomposes into nitric oxide and nitricacid. When 
dissolved in sulphuric acid it requires a greater quantity of water 
to decompose it than when in the free state. 


SO, + NO,OH = so, | 





DISULPHURIC ACID. 


Composition: H,S,0, = O [89°0H 
The latter formula indicates that two atoms of the sulphuric 
acid radical (sulphuryl=SO,) are contained in a molecule of di- 
sulphuric acid, that they are united together by anatom of oxygen, 
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and that the other two unsatisfied bonds of the SO, are connected 
with two atoms of hydroxyl (HO), the hydrogen of which can be 
displaced by metals ; the acid is therefore dibasic. 

Disulphuric acid is deposited from fuming sulphuric acid at a 
low temperature as colourless and often large-sized erystals, which 
melt at 35° and fume in the air. It is decomposed when brought 
into contact with water into ordinary sulphuric acid :— 


(SO,-OH 2 |OH 
0150,-0H H,O. = 250,]0H 
and when heated into sulphuric anhydride and sulphuric acid :—— 
(SO,-OH 7 'OH 
0150.-0H rer? 


Its salts are more stable than the free acid. The sodium salt is 
easily obtained by heating acid sodium sulphate as long as water 
is expelled. The following equation shows the reaction :— 


'ONa 1SO,-ONa 


250,10H = 0180'.0Na H,O. 
Acid sodium Sodium 
sulphate disulphate 


This salt dissolves in water unchanged. When strongly heated it 
breaks up into normal sodium sulphate and sulphuric anhydride :— 


190,:0Na  _ ‚“ (ONa 
\SO,-ONa Fu SO, ONa So, 


THIOSULPHURIC: ACID, 


Thiosulphuric acid is not known in the free state, but or!y in 
its salts. Itisa dibasic acid, and is to be considered as sulphuric 
acid, in which one of the atoms of oxygen united with the hydrogen 
is displaced by dyad sulphur. The composition of the hypothetical 
5 ba or H,S,O,. Before the relations of thio- 
sulphuric acid to sulphuric acid were known, the acid was compared 
with dithionic acid, which has the empirical formula, H,S,O,. 
Whence arose the former name for this acid: Ayposulphurous 
acid,' based upon the old name for dithionie acidd—hyposulphuric 
acid. 


acid istherefore SO, 


! "This name survives in the commercial designation for the sodium salt : 
hyposulphite of soda.—ED. 
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Ofthe compounds of thiosulphuric acid we are only acquainted 
with its metallic salts, some of which are stable substances, and of 
which the sodium salt is most easily obtained in the crystalline 
state. If we endeavour to set free the thiosulphuric acid from its 
salts by means of a stronger acid, we find that the acid can only 
exist for a very short time even in dilute solutions. The liquid 
soon becomes turbid from deposited sulphur, and begins to smell 
of sulphurous anhydride. The acid decomposes in fact into 
sulphur, sulphurous anhydride, and water :— 

2 SH 

s0,[6H E 
This reaction may be used for the detection of the thiosulphates, 
especially as the separated sulphur always possesses a yellow 
colour. The best known salt is sodium thiosulphate, which with 
the potassium salt is distinguished by its stability. This impor- 
tant salt may be obtained in various ways. It is produced if 
an aqueous solution of neutral sodium sulphite is boiled with 
sulphur :— . 

so[Na 4 5 = so,[gie 

or if sulphurous anhydride is led into a solution of sodium mono- 
sulphide. Normal sodium sulphite and sulphuretted hydrogen are 
then first produced :— 


SO, + S + H,O. 


a 
5 Na re eil laß: Hs, 
and the latter gas reacts at once on the excess of sulphurous anhy- 
dride, forming water and free sulphur :— 
SO, + 2H,5S = 2H,0 + 38. 

The greater part of this sulphur sinks to the bottom of the vessel, 
but a portion unites with the sodium sulphite to form sodium thio- 
sulphate. 

Sulphur therefore acts on the sulphites in the same way as 
oxygen. Just as a solution of sodium sulphite when exposed to the 
air absorbs oxygen and becomes converted into sodium sulphate, 
so the same solution when warmed with powdered sulphur unites 
with it to form the corresponding thiosulphate. The composition 
of thiosulphuric acid is also interesting because its molecule con- 
tains two atoms of sulphur of different valency. The atom in the 
radical sulphuryl (SO,) is hexad, while that uniting the atom of 
hydrogen or monad metal to this radical is dyad. Sodium thiosul- 





. 


phate, together with polysulphides, is produced when a solution of 
caustic soda is boiled with an excess of sulphur :— 
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N (ON un 

6NaOH + 125 = SO, sna + 2N2S, +3H,0. 
Sodium 
pentasulphide 


Finälly, some sulphides (e.g. that of calcium)are oxidized when 
exposed to the air and converted into thiosulphates, Calcium 
sulphide is largely produced asa bye-product in the manufacture of 
soda, and this a/kad-waste when exposed to the air becomes partly 
converted into calcium thiosulphate, which, when digested with a 
solution of sodium carbonate or sulphate, yields insoluble calcium 
carbonate or sulphate, and a solution of sodium thiosulphate. 

The compounds of thiosulphuric acid with the heavy metals 
are mostly insoluble and easily decamposed. Sodium thiosulphate 
produces in a solution of silver nitrate a yellowish white precipitate 
of silver thiosulphate. This salt, however, rapidly darkens in 
colour, and at last becomes quite black, owing to the formation of 
silver sulphide and sulphurie acid :— 


- OAe : 5 (OH 
50 SE + H,O = AgıS + SO, |QH 


In the same way the white lead salt blackens on boiling, and for 
the same reason. 

The extraordinary property which sodium thıosulphate, in com- 
mon with other soluble thiosulphates, possesses of dissolving chlo- 
ride, bromide, and iodide of silver, with which it forms soluble 
double salts, is of considerable importance. Use is made of this 
property chiefly in the production of photographs. After the sen- 
sitive plate, which is coated with a thin layer of these compounds, 
has been exposed in the camera, and after the iodide, &c., of silver 
has been decomposed in those parts on which the light has fallen, 
it becomes necessary in order to make the picture permanent to 
remove the iodide, &c., which has remained unchanged. This is 
effected by dipping the plate into a solution of sodium thiosulphate, 
which at once removes the unchanged compounds. Many tons of 
sodium thiosulphate are annually manufactured for this purpose, 
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DITHIONIC ACID. 


This acid, formerly called Ayposulphuric acid, is not known to 
us in the free state, but only in its salts. From the composition of 
these bodies we consider the acid to be :— 

S0,0H 
H,S,0, = 150°0H 
the latter formula expressing that the molecule of the acid consists 
of two atoms of the radical: SO,OH, each of which contains an 
atom of displaceable hydrogen, thus making the acid dibasic. 

Manganous dithionate may be obtained by leading sulphurous 
anhydride into water containing finely divided manganese peroxide 
in suspension. The dry peroxide unites at once with sulphurous 
anhydride to form manganous sulphate :— 


SO, + MnO, = SO,-0,Mn, 


but in the presence of water twice as much of the gas takes part 
in the reaction, and manganous dithionate is formed :— 


250, + MnO, 


At the same time a small quantity of the sulphate is always 
produced, and both salts remain in solution. The filtered liquid is 
then mixed with a slight excess of baryta water—z.e. until it be- 
comes faintly alkaline—which decomposes the manganous sul- 
phate, and precipitates manganous hydrate and barium sulphate. 
The liquid, which now contains barium dithionate and the excess 
of barium hydrate, is again filtered, and the slight excess of the 
latter converted into insoluble barium carbonate by passing a 
stream of carbonic acid, and at the same time gently warming 
it. From the clear solution, barium dithionate is deposited in 
large, colourless crystals on evaporating down, and allowing to 
cool. If lime water isemployed instead of baryta water, calcium 
dithionate is obtained instead of the barium salt. By decomposing 
these compounds with the soluble sulphates of other metals, the 
dithionates of these metals may be easily obtained. Allthe salts 
of dithionic acid are soluble in water. 

The acid itself may be set free from barium dithionate by 
exactly precipitating the barium with sulphuric acid, or from the 
lead salt by precipitating the lead with sulphuretted hydrogen, and 
then filtering off the clear aqueous solution. The water may be 
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removed to some extent by evaporation in a vacuum over sul- 
phuric acid ; but if the concentration is driven too far, the acid 
decomposes into sulphuric acid and sulphurous anhydride :— 


so, iB8 + 50, 


The same decomposition, which may be recognized by the odour 
of sulphurous anhydride and by the precipitate produced on the 
addition of a drop of barium chloride, takes place when the 
dilute aqueous solution of the acid is boiled. But although easily 
decomposed, dithionic acid is decidedly more stable than thio- 
sulphuric acid. 

Dithionic acid is usually thought to be a dibasic acid, although 
this has not yet been definitely proved. At present only neutral 
salts of the acid are known, and until we can prepare the acid 
salts which dithionic acid in common with all polybasic acids 
ought to yield, the question of its basicity must remain unsettled. 
Perhaps these compounds are as easily decomposed as the free 
acid, and break up on evaporation into the acid sulphate and 
sulphurous anhydride. It is therefore always possible that the 
molecule of dithionic acid is only half as large as that generally 
accepted, that itis a monobasic acid and a compound of pentad 
sulphur (SO,OH). This possibility is not contradicted by the 
production and chemical behaviour of the acid, nor is it impossible 
to imagine that sulphur might exist in some compounds as a pentad 
element. 


POLYTHIONIC ACIDE 


Under this name may be included the three acids of sulphur 
which contain more than two atoms of sulphur. These are 
Trithionic Acid: H,S,O,, Tetrathionic Acid: H,S,O,, and Penta- 
thionic Acid: H,S,O,. Inthese acids it is thought that the two 
groups of atoms which constitute dithionic acid are united together 
by one, two,and three atoms of sulphur respectively, as is expressed 
in the following formula :— 


ara : N 150,0H 
Trithionic acid =. H,5,0,=5 ıS j 

RT FR _e JSO,0H 
Tetrathionic acid = H,S,0,=S, \SO: 
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Pentathionicacidd = H,S,0, = on 


formula which involve the supposition that the double as well as 
the triple atom of sulphur can play the part of a dyad radical just 
like a simple atom of the element. 


(SO,OH 


Trithionice Acid: H,S,O, = S1So OH 


The potassium salt of this acid may be obtained by leading 
sulphurous anhydride into a solution of potassium thiosulphate, 
sulphur being at the same time separated :— 


m VOR \ 
2SO, tan, s+ 350, = 2KS,0, + 5 
The acid, which may be set free from the potassium salt by the 
action of fluosilicic acid, very easily decomposes into sulphur, sul- 
phurous anhydride, and sulphuric acid. 


Tetrathionice Acid: H,S,O,=S, is ort 


The sodium salt is obtained by adding iodine to an aqueous 
solution of sodium thiosulphate :— 
[ONa . 
|SNa * I, = NaS0, + 
The barium salt may also be prepared in the same way. If this 
compound is decomposed with sulphuric acid, free tetrathionic 
acid is produced, which decomposes at a certain stage of concen- 
tration into sulphur, sulphurous anhydride, and sulphuric acid. 
Its salts, which are mostly soluble in water, are decomposed on 
evaporation into sulphur and the corresponding trithionates. 


250, 2Nal. 


Pentathionie Acid!: H,S,O, = 5,150: er 


I 
N 
The free acid is produced together with large quantities of sulphur } | 
when sulphuretted hydrogen is led into an aqueous solution of 
sulphurous acid :— 


sH,S + 550, = H,S,0, + 55 + 4HL0. F 
The barium salt may also be prepared by adding sulphur di- 


1 Recent experiments have shown that the existence pentathionic acid is 
doubtful. 
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chloride to water containing finely divided barium thiosulphate in 
suspension :— 


de) 
250, IS 
The free acid, which may be concentrated in a vacuum to a given 
strength, soon decomposes into sulphur, sulphurous anhydride, 


and sulphuric acid in the same manner as the other two acids. 


Ba. # :SCh. = BaS0, + Ball, 


COMPOUNDS OF SULPHUR AND CHLORINE. 


A chloride of sulphur corresponding to sulphuric anhydride 
(.e. containing one atom of hexad sulphur united with six atoms 
of chlorine) has not yet been prepared. That consisting of one 
atom of sulphur and four of chlorine—sulphur tetrachloride : 
SCl,—is a very unstable compound. More stable but still easily 
decomposed is sulphur dichoride: SCI, ; while the most stable 
compound of all is 


Disulphur Dichloride : S,C].. 


This compound is a transparent dark yellow liquid, fuming slightly 
in the air and possessing a powerful piercing odour. Its specific 
gravity is 17, and it boils at 138°. Disulphur dichloride is easily 
obtained by heating sulphur in a retort and passing dry chlorine 
gas over it. The sulphur then melts and the two elements unite 
with one another, the volatile chloride condensing in the cool 
receiver, The raw product is contaminated with sulphur di- 
chloride, from which it may be freed by fractional distillation, 
reserving that portion only which passes over at 138°. Disulphur 
dichloride is a good solvent for sulphur, of which it dissolves more 
than half its weight. It is decomposed by water into sulphur, 
sulphurous anhydride, and hydrochloric acid. 


Sulphur Dichloride: SCl,, is a heavy brown oil with similar 
properties to the preceding compound. It is obtained by satura- 
ting disulphur dichloride with chlorine at the ordinary temperature 
and then removing the excess of chlorine by passing a stream of 
dry carbonic anhydride. The compound begins to boil at 64°, due 
to evolution of free chlorine. It is then decomposed, and partially 
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even at lower temperatures, into disulphur dichloride and chlorine. 
Water slowly decomposes it into sulphur, sulphurous anhydride, 
and hydrochloric acid. Sulphur dichloride forms double compounds 
with some other chlorides—e.g. antimony trichloride, arsenic tri- 
chloride, &c. 


Sulphur Tetrachloride : SC]. 


This is a mobile, pale brown liquid produced by saturating 
either of the other chlorides with chlorine gas at — 22°. The com- 
pound is very unstable and breaks up even below 0° into sulphur 
dichloride and free chlorine. 


Sulphur also unites chemically with bromine and iodine. The 
most interesting of these compounds, Sulphur hexiodide: SI,, 
is deposited by allowing a mixed solution of sulphur and iodine 
in carbon disulphide to gradually evaporate. Itisa solid crystal- 
line substance, of dark grey colour, with a metallic lustre, is so 
easily decomposed that it gradually Joses all its iodine when 
allowed to lie exposed to the air. 


SELENIUM. 


Chemical Symbol: Se.—Atomic Weight: 79. 


This element was discovered by Berzelius in 1817, and on 
account of its similarity to the previously discovered tellurium 
(from Zellus, the earth), was named by him selenium (from veAnvn, 
the moon). . Berzelius found the new element in the deposit which 
had collected on the floor of a sulphuric acid chamber, fed with 
sulphurous anhydride derived from iron pyrites. Afterwards 
selenium was also discovered in the flue-dust deposited in the 
passages through which the acid vapours had to pass to reach the 
leaden chambers. It was later shown that the element exists, 
combined with various metals—e.g. lead, silver, and mercury—in the 
mineral kingdom, and just as many samples of iron pyrites contain 
traces of iron selenide as well as iron sulphide, so too some 
varieties of native sulphur contain minute quantities of free 
selenium. Selenium is, however, a rare element, and always 
difficult to obtain in large quantities. 





5 


Selenium which has been melted and allowed to cool is a dark 
brown amorphous substance with a lustre nearly metallic. It has 
a specific gravity of 42, melts at 217°, and boils at about 700°. 
Its vapour is of a dark yellow colour, and condenses either as 
bricht red flowers of selenium or as a dark metallic-like mass. 
The specific gravity of its vapour at about 860° is 7'67, but 
diminishes nearly to that corresponding to the molecule Se, 
(5'538) at about 1400". 

If selenium is reduced from a solution of selenious acid (e.g. by 
sulphurous anhydride) it is deposited as a red amorphous powder. 
This modification is soluble in carbon disulphide, from which it is 
again separated on evaporation as dark-red, transparent crystals, 
isomorphous with monoclinic sulphur. A second crystalline modi- 
fication is also known which is insoluble in carbon disulphide, has a 
specific gravity of 45, and conducts an electric current feebly ; it 
also possesses the remarkable property of conducting better under 
the influence of light than in the dark. This form of selenium is 
prepared by melting the element and keeping the temperature 
constant at 210°, until it has become crystalline in structure. It 
then conducts twice as well in diffused daylight, and nearly ten 
times as well in direct sunlight as in the dark. If the intensity of 
the light is diminished, the conductivity rapidly decreases. 

The extraction of selenium from flue-dust containing it, or from 
its ores, is a tedious process. The various methods chiefly consist 
in oxidizing the selenium to selenious acid and then reducing it 
again by sulphurous anhydride. 

Selenium burns when heated in the air with a bright blue flame 
to form selenious anhydride. It requires, however, a higher 
temperature for its combustion, and burns more difficultly than 
sulphur. During combustion it gives off an intense and disgusting 
odour, which, however, is not peculiar to selenious anhydride, but is 
probably due to the simultaneous production of small quantities of 
a lower oxide. 
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COMPOUNDS OF SELENIUM. 


The compounds of selenium are closely related in their che- 
micai properties to those of sulphur. Seleniuretted hydrogen 
corresponds to sulphuretted hydrogen, selenious anhydride to 
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sulphurous anhydride, selenic acid to sulphuric acid, and the two 
chlorides of selenium to disulphur dichloride and sulphur tetra- 
chloride respectively. But, at the same time, many differences 
may be noted when similar compounds are compared together. 
Sulphurous anhydride, for example, is a gas, and does not unite 
with water to form the corresponding acid, while selenious anhy- 
dride is a solid crystalline body and easily forms the corresponding 
selenious acid. Sulphur and sulphurous anhydride are oxidized 
by nitric acid to sulphuric acid, while nitric acid has no action on 
selenious acid and only oxidizes selenium to the lower acid. Sul- 
phuric acid can be distilled unchanged, or at least with very slight 
decomposition ; selenic acid breaks up at about 280° into selenious 
acid and oxygen. Sulphur tetrachloride is a very unstable liquid, 
decomposing even below 0°; while selenium tetrachloride is a 
crystalline solid which can be heated without decomposition. 

It will thus be seen that considerable differences exist between 
sulphur and selenium with regard to their affinities for other bodies. 
It is clear from the facts mentioned above that selenium has a 
stronger affinity for chlorine and a weaker affinity for oxygen than 
sulphur, and this is confirmed by the fact that sulphur catches fire 
and burns when heated in oxygen or air much more easily than 
selenium. 

Still more remarkable is the aftinity of selenium for hydrogen, 
and in this respect again it is at once distinguished from sulphur. 
Sulphur and hydrogen unite directly with one another only imper- 
fectly, and the resulting sulphuretted hydrogen is very easily decom- 
posed byheat. Selenium, on the other hand, unites with hydrogen 
at about 500°, forming seleniuretted hydrogen, which is only de- 
composed into selenium and hydrogen at a high temperature. 

Selenium, with the similar elements tellurium and sulphur and 
the metals of the alkalies, are the only elements which unite directly 
both with hydrogen and oxygen. Those elements which possess a 
strong affınity for oxygen—e.g. phosphorus, arsenic, silicon, carbon, 
and most of the metals-—-cannot unite directly withhydrogen ; while 
the few other elements distinguished by their affinity for hydrogen 
—.e.g. chlorineand palladium—cannot combine directly with oxygen. 








ua 
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Seleniuretted Hydrogen: H,Se. 


This compound is a colourless gas with an odour resembling 
sulphuretted hydrogen, and is exceedingly poisonous. Minute 
quantities in the air produce painful inflammation of the eyes and 
nasal passages, loss of the sense of smell, dryness in the throat, 
and a species of catarrh, often lasting for weeks together. Great 
care must, therefore, be taken in working with the gas, and in all 
operations during which it may be set free. 

Seleniuretted hydrogen is produced when dry hydrogen gas is 
led over selenium heated to the temperature at which it commences 
to volatilize. It may be obtained in larger quantities by acting 
upon potassium selenide or ferrous selenide with hydrochloric acid. 
Like sulphuretted hydrogen, the gas is soluble in water, but in 
larger quantities. This solution reddens litmus paper, colours the 
skin red from reduced selenium, and becomes oxidized when ex- 
posed to the air, selenium being set free. Seleniuretted hydrogen 
precipitates many metals from solutions of their salts as insoluble 


selenides, just as sulphuretted hydrogen precipitates insoluble 
sulphides. 


Selenious Anhydride : Sc().. 


This substance is obtained when selenium is heated in a stream 
of dry oxygen. The selenium burns with a bright blue flame pro- 
ducing the anhydride, which is deposited on the cooler portions of 
the tube in long, quadrangular, white needles. It sublimes without 
first melting. Its vapour resembles that of chlorine in colour and 
possesses a piercing acid odour, the disgusting odour produced 
when selenium burns in oxygen or air being probably due to some 
lower oxide. When boiled with water it unites with this substance 
and forms the corresponding — 


OH 
(OH 

This dibasice acid is deposited on coolıng the hot saturated 
aqueous solution in transparent crystalline prisms resembling those 
of potassium nitrate, and with a strong acid taste. When heated 
these erystals break up into theanhydride and water. The aqueous 
solution when made acid with a few drops of hydrochloric acid 
deposits sclenium if warmed with sulphurous anhydride or other 
reducing agents. Particles of dust of organic origin produce the 


Selenious Acid: Se() 


N 
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same change, so that the lips of glass bottles containing aqueous 
selenious acid become coloured red from reduced selenium. With 
sulphuretted hydrogen selenious acid is decomposed into com- 
pounds of selenium and sulphur, water being also formed. 

Selenious acid canalso be easily obtained by oxidizing selenium 
with nitric acid ; after the excess of nitric acid has been expelled 
it remains behind as a white crystalline mass. Selenic acid is 
never produced by this reaction. 


Selenie Acid: Se0,/0H 

This acid, which corresponds to sulphuric acid in its composi- 
iion, and which it resembles in many respects, cannot be obtained 
by oxidizing selenium with nitric acid. It is, however. easily 
produced by leading chlorine into a strong aqueous solution 
of selenious acid, or by the oxidation of the latter substance 
by potassium dichromate. Potassium selenate may also be easily 
prepared by fusing together either selenium or a compound 
containing it with potassium nitrate. An aqueous solution of 
selenic acid may be concentrated until it attains a boiling-point of 
265° and specific gravity of 2°6, but further concentration decom- 
poses it into oxygen and selenious acid. The concentrated 
acid is a colourless, oily liquid, which evolves heat when mixed 
with water, and is not affected by sulphurous anhydride or sul- 
phuretted hydrogen. It is, however, reduced to selenious acid 
when boiled with hydrochloric acid, chlorine being evolved. 

The selenates closely resemble the sulphates in their properties ; 
barium selenate, like barium sulphate, is insoluble in water and 
dilute acids. 


Selenium Disulphide : SeS.. 


This compound separates out as a yellow precipitate when 
sulphuretted hydrogen is led into an aqueous solution of selenious 
acid. The yellow precipitate gradually coagulates to a red mass, 
a colour which it retains on drying. If, on the other hand, 
seleniuretted hydrogen diluted with hydrogen is led into a saturated 
aqueous solution of sulphurous anhydride, the yellow precipitate 
consists chiefly of su/phur diselenide: SSe,. Selenium and sul- 
phur may be fused together in any proportion. 
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Chlorides of Selenium. 


Diselenium dichloride : Se,Cl,, is prepared in precisely the 
same manner as disulphur dichloride, which it closely resembles. 

Selenium tetrachloride : SeCl,, which is obtained by saturating 
tbe preceding compound with chlorine or by distilling selenious 
anhydride with phosphorus pentachloride, is a solid body, crystal- 
lizing in colourless cubes. When heated it sublimes without 
melting. It dissolves in water and then gradually decomposes 
into selenious and hydrochloric acids. 


TELLURIUM. 


Chemical Symbol: Te.— Atomic Weight: 128. 

This extremely rare element was discovered by Müller v. 
Reichenstein in 1782 in gold ores obtained from Transylvania, but 
was only exactly studied by Klaproth in 1798, and later by Berzelius 
in 1832. 

It occurs native in the mineral kingdom, but more commonly 
combined with gold, silver, lead, and bismuth. The mineral 
Zetradymite (bismuth telluride) contains about 50 per cent. of 
tellurium. The ores are found in Hungary and Transylvania, and 
recently in large quantities at several places in North America. 

Tellurium possesses many of the properties of a metal. It has 
a perfect metallic lustre, is nearly silver white in colour, cerystalline 
in structure (crystallizng in rhombohedra), is brittle, and therefore 
easily reduced to powder. It conducts heat well,and electricity to 
some extent. Tellurium melts at about 500°, and can be sublimed at 
a higher temperature, producing a bright yellow vapour ; its specific 
gravity is 64. Carbon disulphide does not dissolve it, but it is 
soluble in warm concentrated sulphuric acid, forming a magnificent 
red solution, from which it is again precipitated unchanged as 
a grey powder when the solution is diluted with water. When 
strongly heated in the air it burns with a brown flame, bordered 
with green, forming tellurous anhydride. Hot nitric acid converts 
it into tellurous acid. 

Like selenium, tellurium unites directly with hydrogen when 
heated in a stream of the dry gas, and then produces Zelluretted 
hydrogen: H,Te. "The same substance is also easily obtained by 

N 2 
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acting on zinc telluride with hydrochloric acid. It is a colourless 
gas with a disgusting odour, similar in its properties and reactions 
to sulphuretted hydrogen and seleniuretted hydrogen, though not 
so poisonous as the latter. 

The other compounds of tellurium—/Zellurous anhydride and 


acid: TeO, and Teo| a telluric acid: TeO, | Op, fellurium 


di- and Zefrachloride: TeCl,, and TeCl,, Zellurium disulphide: TeS, 
—-are closely allied to the corresponding compounds of selenium. 
The tellurates are, however, very different in their properties from 
the sulphates and selenates; those of the heavy metals being 
mostly insoluble in water, while barium tellurate is only difhcultly 
soluble in water and dissolves easily in dilute hydrochloric acid. 
Double salts of tellurice acid corresponding to the alums have not 
been prepared. 





ELEMENTS OF THE NITROGEN GROUFP. 


This group consists of the elements nitrogen, phosphorus, 
arsenic, and antimony. These elements are so different from one 
another both in their physical properties and their chemical beha- 
viour, as far as the strength of their affinity for other elements is 
concerned, that it is not at first sight evident why they are placed 
together in agroup. Nitrogen does not catch fire when heated in 
the air, and it combines so feebly with other substances that it was 
thought formerly not to unite directly with any other body. Phos- 
phorus, on the other hand, is an easily fusible solid, distinguished 
by its strong attraction for oxygen, chlorine, and other elements. 
Arsenic and antimony possess the general physical properties of 
the metals ; they are heavy solids, with a metallic lustre. We shall, 
however, include these two last-named elements under the non- 
metals, because their chemical compounds with oxygen, hydrogen, 
and other elements are closely related to those of nitrogen and 
phosphorus. And this is also the reason why these four so different 
elements are included in one group. In most of their compounds 
the elements of the nitrogen group possess a triad or pentad 


atomicity. 
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NITROGEN. 
Chemical Symbol: N.—Alomic Weight: 14. 


Nitrogen occurs free in atmospheric air, of which it is the chief 
constituent ; 100 volumes of common air contain about 79 volumes 
of nitrogen and 21 volumes of oxygen. It also occurs in nature 
combined with hydrogen as ammonia, and with hydrogen and 
oxygen asnitric and nitrous acids. Fromthese compounds nitrogen 
enters into the structure of plants and then of animals. It isa 
constituent of albumen, casein, blood, and numerous other organic 
products. Urea, a substance present in large quantities in urine, 
contains a considerable proportion of nitrogen. 

Nitrogen is a colourless gas, without taste or smell, and rather 
lighter than common air. Its specific gravity is exactly 0'972, 
which corresponds to a molecular weight of 0'972 x 28'838 = 28°07, 
the molecule containing therefore two atoms (N,). The gas is only 
slightly soluble in water. Nitrogen, like hydrogen and oxygen, was 
formerly called a dermanent gas, as up to quite recently it had not 
been reduced to the liquid form. It has, however, been proved that 
nitrogen can be condensed to a liquid if the cold and pressure to 
which it is exposed are sufficiently intense. 

Nitrogen gas may easily be obtained from common air, by 
abstracting the oxygen which it contains. This may be done by 
burning a piece of phosphorus in a bell-jar full of air and standing 
over water. Alithe oxygen then unites with the phosphorus, pro- 
ducing white vapours of phosphoric anhydride, which afterwards 
dissolve inthe water. As the air cools the water rises in the bell- 
jar to supply the place of the consumed oxygen, and when the air 
has become clear it consists almost entirely of nitrogen. A better 
method, especially when a stream of nitrogen is required, isto pass 
atmospheric air, which has been previously dried and freed fronıi 
carbonic acid, over red-hot metalliccopper. Finely divided copper, 
such as copper turnings, is heated to redness in a tube of hard 
glass while a slow current of the purified air is passed over it. The 
gas which then escapes at the other end of the tube is pure nitrogen, 
all the oxygen having combined with the copper to form black 
copper oxide. 

Another method for the preparation of nitrogen consists in 


\ 


182 Text-Book of Inorganic Chemistry. 


heating ammonium nitrite. This saltthen breaks up into nitrogen 
gas and water :— 


NO-O(NH,) = 9, + 2H0. 

Finally, nitrogen is also set free when chlorine gas is led into 
strong ammonia. In this reaction, hydrochloric acid is produced, 
which unites with the excess of ammonia, forming ammonium 
chloride :— 

8NH, +. 35Ch =. N, + 6NH;EL. 


If, however, the chlorine is passed until no more free ammonia 
is present, the gas then begins todecompose the ammonium chloride, 
and oily drops of nitrogen chloride, a highly explosive substance, 
are produced. This process cannot therefore be recommended for 
the preparation of nitrogen. 

Free nitrogen possesses so weak affnities for other elements 
that it can only be made to combine directly with a very few of 
them. With oxygen it only unites at the highest temperatures and 
in the presence of water vapour, then producing nitric acid with 
other lower oxides of nitrogen. Flashes of lightning passing 
through moist air cause the oxygen and nitrogen to unite and form 
nitric acid, which can be easily detected in rain water after a 
thunderstorm. 

The direct combination of nitrogen with hydrogen, chlorine, or 
sulphur, has not yet been effected, and onlya very few of the metals 
combine directly with nitrogen when heated in the gas. 

Nitrogen neither supports ordinary combustion nor respiration. 
A candle immersed in the gas is at once extinguished. At the 
same time it is not an actual poison, as at once follows from the fact 
that we respire a mixture of nitrogen and oxygen in common air. 
An animal when brought into an atmosphere of nitrogen is simply 
suffocated from lack of oxygen. 





COMPOUNDS OF NITROGEN AND HYDROGEN. 


We have already stated that all attempts to unite nitrogen and 
hydrogen directly with one another have failed. They unite, how- 
ever, when the two elements are brought into contact with one 
another in the nascent state. 

The only compound of nitrogen and hydrogen which can exist 
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in the free state is ammonia. This substance consists of one atom 
of nitrogen united with three atoms of hydrogen, and in which, 
therefore, the nitrogen plays the part of a triad element. 

No compound analogous to hydrochlorie acid—z.e. containing 
one atom of nitrogen united wıth one atom of hydrogen, nor one 
analogous to water, containing two atoms of hydrogen and one of 
nitrogen—appears to exist in the free state. Both are, however, 
known in many compounds as hypothetical radicals—z.e. unsatu- 
rated compounds of triad nitrogen. The former (NH) is called 
inuidogen, and the latter (NH,) amıdogen. 

Finally, the compound of pentad nitrogen with four atoms of 
hydrogen (NH), called ammonzium, is unknown in the free state, 
but exists in a large number of compounds very similar to those of 
the metal potassium. 


AMMONIA. 


Composition: NH, 

This compound of nitrogen and hydrogen occurs free in nature 
and is produced during the putrefaction of nitrogenous organic 
matter in the absence of strong bases. It is formed, for example, 
in large quantities in putrefying urine, one constituent of which 
(urea) then combining with water and breaking up into carbonic 
anhydride and ammonia. 

Ammonia is a colourless gas with a strong, piercing odour, 
bringing tears to the eyes. It is extremely soluble in water, ı 
volume at the ordinary temperature dissolving more than 800 
volumes of the gas. This solution, the Zguor ammomi@ or spirits 
of hartshorn of the shops, possesses the odour of the gas, and 
reacts powerfully alkaline—z.e. turns red litmus paper blue. The 
gas is considerably lighter than air, its exact specific gravity being 
0'589. Its molecular weight is thus 0'589 x 28:88 = 17'01, and its 
molecule is represented by the formula NH.. 

Undera pressure of seven atmospheres at the ordinary tempera- 
ture, or at —40° under the ordinary pressure, dry ammonia gas 
becomes converted into a colourless liquid which freezes to a 
erystalline solid at about — 80°, 

Ammonia is prepared from the ammonium salts (compounds 
formed by the union of ammonia with acids), and generally from 
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ammonium chloride or sal-ammoniac. This salt, which can be 
obtained from ammonia and hydrochloric acid, is decomposed 
again into these constituents when intimately mixed with strong 
bases, such as caustic potash, caustic soda or quick-lime, and 
gently heated. Even when dry ammonium chloride and dry quick- 
lime are mixed together, ammonia begins to be given off without 
!he mass becoming liquid, whence it follows that the old chemical 
rule, only liquids act upon one another, is not to be taken literally. 
The reaction goes on according to the equation :— 


2NH, Cl + CaO = CaC, + H,O + 2NH, 


Calcium chloride and water are thus simultaneously produced, and 
a portion of the latter passes over with the gas on heating. 

In practice, ammonium chloride and quick- or slaked-lime, both 
finely powdered, are intimately mixed together, and the mixture 
brought into a glass flask or an iron vessel if large quantities are 
employed. Heat is then applied and the ammonia dried by passing 
it through a tube containing pieces of quick-lime. Itisthen either 
collected over mercury or by wdward displacement. The sub- 
stances generally employed to dry gases—sulphuric acid or calcium 
chloride—cannot be used for ammonia, as both these bodies absorb 
large quantities of the gas. 

If an aqueous solution of the gas is required, it is of course 
unnecessary to dry it. It is then sufficient to separate the solid 
particles which may be carried over with the gas. This is best 
done by passing the gas through a small quantity of concentrated 
aqueous ammonia contained in a wash-bottle. Large quantities of 
heat are evolved when ammonia is absorbed by water, principally 
due to the latent heat set free when the substance is changed from 
the gaseous to the liquid form. Care must therefore be taken 
to cool the vessel containing the water during the absorption of 
the gas. 

The production of ammonia from nitric acid by the action 
of nascent hydrogen is interesting theoretically. This reduction 
may be produced in several ways ; for example, by the action of 
dilute nitric acid on zinc. No evolution of hydrogen is noticed, 
as when zinc is dissolved in sulphuric acid, but the whole of the 
hydrogen is used to reduce the nitric acid. The ammonia which 
is formed unites with the excess of acid, producing ammonium 
nitrate ; the zinc is also converted into its nitrate, and water is 


set free :— 
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2NO,-OH + 4H, = NO,-O(NH,) + 3H,0. 


On adding an excess of caustic soda to the solution, the ammonia is 
again liberated, and may be easily recognized by its odour. 

In order to produce small quantities of liquid ammonia, advan- 
tage is taken of the fact that many metallic salts—e.g. calcium 
chloride, silver chloride—absorb ammonia in large quantities and 
liberate the gas again on warming. Dry silver chloride saturated 
with dry ammonia is placed in the closed end, a, of a thick walled 
bent glass tube, and the open end, c, is then 
melted together (fig. 47). If now the limb c is 
placed in a freezing mixture, and a gently 
warmed, gaseous ammonia is liberated in large 
quantities from the silver chloride and is con- ’ 
densed to a colourless liquid in the cold part Fig. 47. 
of the tube. When the tube cools again, the silver chloride 

“"reabsorbs the whole of the ammonia, and the experiment may 
therefore be repeated several times with the same tube. 

Although ammonia contains a large quantity of hydrogen, it 
does not catch fire in the air, but in oxygen gas it burns with a 
pale yellowish flame, forming water and free nitrogen. Ata high 
temperature it is decomposed into its constituents, hydrogen and 
nitrogen. Ifthe gas is led through a porcelain tube filled with 
broken fragments of the same and heated to bright redness, the 
volume of the gas becomes doubled :— 





2NH, = N, + 3H. 
4 vols. 2 vols. 6 vols. 


The same decomposition occurs when electric sparks are 
allowed to pass through the gas for a long time. 

Ammonia combines readily with acids and produces real salts, 
which closely resemble the corresponding compounds of potassium. 
These are the ammonium salts and contain the monad radical 
ammonium ‚(NH,), which plays the part of a metal. When, for 
example, ammonia unites with hydrochloric acid :— 


NH, + HCI = (NH)Cl, 


we consider that the hydrogen of the acid first unites with the 
nitrogen, and that the ammonıum so produced then forms with the 
chlorine the haloid salt. In asimilar manner ammonia also unites 
with the oxy-acids, but in these compounds the ammonium is 
united to the acid radical by an atom ofoxygen, thus :— 
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NO,-OH + NH, = NO,-O(NH,) 


Nitric acid Ammonium 
nitrate 
OH, E O(NH,) 
Joh ae 50, |ONH" 
Sulphuric Ammonium 
acıdd - sulphate 
(OH 7 u (OH 
an NH = Store; 
Sulphuric Acid ammonium 
acid sulphate 


Ammonia also combines with the acid anhydrides, in which the 
hydrogen necessary to convert it into ammonium is absent. Two 
molecules of ammonia are then decomposed into one molecule of 
ammonium and one of amidogen :— 


2NH, = NE, +, NE 


which unite with the anhydride (e.g. CO, or SO,)to form ammonium | 
compounds of monobasic amido-acids :— 
(NH, 


CO, + 20H, = COlontı, 


Ammonium 
carbamate 


In all cases when gaseous ammonia comes into contact with a 
gaseous acid, heavy white fumes are produced of the ammonium 
salt. This affords a ready test for small quantities of free am- 
monia. Ifa glass rod dipped in concentrated hydrochloric acid is 
brought near the surface of aliquid containing free ammonia, white 
fumes of ammonium chloride are at once produced. If the am- 
mıonia is combined with an acid, as an ammonium salt, it must 
first be set free by warming with caustic soda or potash. 

Chlorine at once decomposes ammonia, forming hydrochloric 
acid, which then combines with the excess of ammonia to form 
ammonium chloride (p. 182). 


HYDROXYLAMINE—(OXYAMMONIA). 
Composition: NH,-OH. 


In hydrogen peroxide we have already become acquainted with 
a monad radical—hydroxyl—having the composition HOÖ (p. 90). 
We meet with this hydroxyl in a large number of compounds, par- 
ticularly in organic chemistry, in which it displaces other monad 
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elements or radicals, especially hydrogen. And we may look upon 
hydrogen peroxide as water in which one atom of hydrogen is dis- 
|OH 

(H 

In precisely the same manner, hydroxyl can also displace one 
of the atoms of hydrogen in ammonia, and so form the substance 
hydroxylamine, or oxyammonia. 

Oxyammonia has not yet been prepared in the pure state ; it 
is only known in aqueous solution and in combination with acids. 
It possesses similar properties to those of ammonia, unites with 
acids producing the oxyammonium salts, but is less volatile. Its 
aqueous solution is colourless and reacts strongly alkaline. 

Oxyammopia is easily produced by the reduction of nitric oxide 
or higher oxides of nitrogen with nascent hydrogen. For this 
purpose nitric oxide is led into a mixture of granulated tin and 
hydrochloric acid, to which a few drops of platinic chloride have 
been added to accelerate the evolution of hydrogen. The acid 
liquid then contains stannous chloride together wıth oxyammonium 
chloride ; it is freed from tin by passing a stream of sulphuretted 
hydrogen through it, and the filtered liquid evaporated to dryness. 
The dry mass is then extracted with absolute alcohol, which dis- 
solves the whole ofthe oxyammonium chloride, together with asmall 
quantity of ammonium chloride (easily removed by a few drops of 
platinic chloride). The clear alcoholie liquid on evaporation then 
yields colourless erystals of oxyammonium chloride: NH,(OH)CI. 

From the chloride the sulphate : SO,(ONH,OH),, is easily 
prepared by adding to it the requisite quantity of dilute sulphuric 
acid and evaporating off the hydrochloric acid thus set free. Free 
oxyammonia may then be obtained by adding baryta water to the 
aqueous solution of the sulphate as long as a turbidity of barium 
sulphate is produced. The filtered alkaline solution then contains 
free oxyammonia. 

If this solution is distilled a portion of the oxyammonia passes 
over with the water vapour, but the greater part is decomposed 
into ammonia, nitrogen, and water :— 


3NH,-OH = NH, + N 


placed by hydroxyl, thus: OÖ 


Se: u) MER 

The aqueous solution of oxyammonia powerfully reduces many 
compounds. Silverand mercuryare precipitated from the solutions 
of their salts in the metallic state, and with copper sulphate it gives 
an orange-coloured precipitate of cuprous oxide, 
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Oxyammonia is also produced when some metals, especially 
zinc, are acted upon by sulphuric acid in the presence of nitric acid. 
The nascent hydrogen which is then set free reduces a part of the 
nitric acid to ammonia and oxyammonia. Ifzinc is used the solution 
contains the nitrates of zinc, ammonium, and oxyammonium, and 
on the addition of excess of caustic potash and a few drops of copper 
sulphate gives an orange-coloured precipitate of cuprous oxide., 

The oxyammonium salts, like those of ammonium, are all solu- 
ble in water, and can easily be obtained in the crystalline form. 


AMIDOGEN: NH,; IMIDOGEN: NH. 


These are two unsaturated compounds of triad nitrogen, the 
first being a monad, and the second a dyad radical. Both occur 
principally in organic compounds, but amidogen is also known in 
some inorganic compounds; for example, in the amido-acids. 


AMMONIUM: NH.. 


This unsaturated compound of pentad nitrogen has not yet 
been prepared in the free state. It isthe radical of the ammonium 
salts, but all attempts to separate it, or rather its molecule: (NH,),, 
have resulted in a mixture of ammonia and hydrogen. 

It is very probable that, should this body ever be obtained in 
the free state, it would be found to possess the properties of a 
metal. Not only have its compounds the greatest similarity with 
those of potassium and sodium, but it can also unite in the nascent 
state with mercury to form an amalgam-—-a property peculiar to the 
metals.. Ammonium amalgam, with metallic lustre and other re- 
markable properties, is easily obtained by adding sodium amalgam 
to a warm, moderatelyconcentrated solution of ammonium chloride. 
The sodium amalgam immediately swells up to a large extent, at 
the same time retaining its metallic lustre, and the mass becomes 
so light that it floats on the surface of the liquid, notwithstarding 
the mercury which it contains. 

The reaction simply consists in the substitution of sodium for 
ammonium in the ammonium chloride, forming sodium chloride, 
and setting the ammonium free. The amalgam is very unstable, 
breaking up immediately into ammonia, hydrogen, and mercury, 
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the first-named substance being at once recognized by its charac- 
teristic odour. . 

The low specific gravity of the ammonium amalgam makes it 
probable that if the ammonium itself were separated, it would be 
a light liquid or a gas. 





COMPOUNDS OF NITROGEN AND OXYGEN. 


Nitrogen and oxygen unite in five different proportions, and 
produce as many different compounds. These compounds have 
the following names and symbols. Two of them (nitrous anhy- 
dride and nitric anhydride), unite with water and form the corre- 
sponding acids :— 


Nitrous oxide . ; . N,O 

Nitric oxide . $ . NO 

Nitrous anhydride . . N,O, Nitrous acid NO-OH 
Nitric peroxide . = MOL 

Nitricanhydride . . N,0O, Nitric acid NO,-OH 





NITRIC ACID. 
Composition: HNO, = NO,-OH. 


Nitric acid occurs free in the atmosphere, especially after 
thunderstorms, and is produced directly from its elements by the 
hish temperature of the flashes of lightning. Its salts are also 
produced in nature, when nitrogenous organic substances putrefy 
in contact with strong bases (e.g. potash, soda, lime). 

Nitric acid is a colourless, strongly acid liquid, fuming in the 
air. It has a specific gravity of 1'530, boils at 86°, and becomes 
solid at — 50° ; it mixes with water, with evolution of heat, in all pro- 
portions. The acid is not very stable, and is even partially decom- 
posed by light into oxygen and lower oxides of nitrogen, which 
impart a yellow tint to it. It destroys the skin and other animal 
substances and colours them yellow, and, in consequence of the 
ease with which it breaks up into oxygen and the lower oxides of 
nitrogen, is an excellent oxidizing agent, especially for the metals., 

Nitric acid, as we have previously remarked (p. 182), is produced 
directly from its elements when electric sparks pass through moist 
air, or when a mixture of hydrogen and excess of oxygen, with 
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traces of nitrogen, is exploded, or when hydrogen burns in oxygen 
mixed with a small quantity of nitrogen. 

The acid is always obtained from one of its salts—potassium or 
sodium nitrate—by decomposing it with sulphuric acid. On the 
small scale pure nitre (potassium nitrate) is powdered and intro- 
duced into a retort furnished with a cooled receiver, It is then 
mixed with concentrated sulphuric acid and gently heated, when 
the whole melts t0 a homogeneous liquid. As the temperature 
rises, the nearly colourless acid distils over, and is condensed in 
the receiver. It is best to employ one molecule of nitre (101), to 
one molecule of sulphuric acid (98)—z.e. about equal parts by 
weight. The reaction is then represented by the following eqva- 
tion !:— 


. 16): (OH 

NO,-0OK + oo - NO,OH + SO,joK 
Potassium Acid potassium 

nitrate sulphate 


If we employ twice as much nitre so as to produce the normal 
sulphate, the first stage of the reaction goes on as before, but the 
acid potassium sulphate which remains behind is then mixed with 
one-half of thenitre employed. At a higher temperature these two 
substances act upon one another, forming another molecule of 
nitric acid and normal potassium sulphate :— 


.. (OH . _ 108 
S0,10K + NO,OR = SO,|ok + N0,OH, 
Acid potassium Normal potassium 

sulphate sulphate 


The temperature at which this takes place is so high that the 
nitric acid undergoes a partial decomposition into oxygen, nitric 
peroxide,and water. The oxygen passes off, but the nitric peroxide, 
a dark red gas, is mostly absorbed by the nitric acid. The acid 
then becomes of a reddish colour, and gives off brown vapours. 
This acid is known as fuming nitric acid. In order to obtain a 
pure acid, it is best to take a small excess of sulphuric acid, and 
then redistil the acid with an equal volume of concentrated 
sulphuric acid. The strong attraction of sulphuric acid for water 
then frees the nitric acid of this impurity. 

Commercial nitric acid is now often prepared from Chili salt- 
petre (NaNO,), this salt being much cheaper than ordinary nitre, 
and yielding weight for weight a greater quantity of nitric acid. It 
is usually coloured yellow, and is often contaminated with chlorine, 
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iodine, sodium sulphate, and iron. These impurities may be readily 
separated by repeated distillation, neglecting. the first and last 
portions which come over. It always contains water, the quantity 
of which may be determined by means of an hydrometer. The 
greater the quantity of water the lower the specific gravity. The 
specific gravity of this commerical acid is often as low as 133, and 
then contains only about 50 per cent. of the pure acid. 

The specific gravity of the pure acid is, as we have stated 
above, 1'550. An acid which has a specific gravity of 1'424, and 
which boils at about 120°, contains nearly 70 per cent. of pure 
acid. The dilute acid, of specific gravity ı'2, which is employed 
in the laboratory for general purposes, contains only 32 per cent. 
of the pure acid. 

If concentrated nitric acid containing more than 70 per cent. of 
the pure acid is boiled under the ordinary atmospheric pressure, 
the portion which distils over contains less water than that in the 
retort until the boiling-point rises to about 120°, when the compo- 
sition of the distillate and of the residue in the retort remains 
nearly constant. This acid of constant boiling-point has a specific 
gravity of 1°42, and contains about 70 per cent. of pure acid. 
Further, if dilutenitric acid containing less acid than 70 per cent. is 
distilled, the portion which passes over is at first more dilute than 
that in the retort, and rises in strength until it contains about 70 
per cent. of pure acid, when the composition again remains nearly 
constant. It must not, however, be supposed that this particular 
mixture is achemical compound of water and nitric acid. That 
it is not so is proved by the fact that if the pressure is changed the 
composition of the distillate also changes. 

Nitric acid is a solvent for many substances which are insoluble 
in water—particularly for the metals. Among the few metals 
which withstand its action are gold and platinum. Silver is at 
once attacked by it and converted into the soluble nitrate, a 
portion of the nitric acid being reduced to nitric oxide, producing 
red fumes of nitric peroxide in the air. The reaction goes on 
according to the following equation, which also represents the 
oxidation of many other metals by nitric acid :— 


4NO,-OH + 3Ag = 3N0,-OAg + 2H,O + NO, 


In consequence of this property of nitric acid to dissolve silver but 
not gold, nitric acid has been long employed to separate the two 
metals from one another. 
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Nitric acid is amonobasic acid, as it only contains one atom 
of displaceable hydrogen ; it, therefore, only produces normal 
salts. The vz/rates are all soluble in water, and we cannot therefore 
recognize them, as we can the sulphates, by the production of one 
which isinsoluble in water. All nitrates are decomposed by strong 
sulphuric acid yielding nitric acid ; and if a solution. of a nitrate is 
mixed with sulphuric acid and copper turnings and then warmed, 
the nitric acid which is set free acts on the copper and produces 
nitric oxide, which at once gives rise to brown fumes of nitric 
peroxide and nitrous anhydride on coming into contact with the 
oxygen ofthe air. Another delicate test for a nitrate is mentioned 
under nitric oxide. 


Nitrie Anhydride: N,O,. 


This substance, as its name implies, is nitric acid minus the ele- 
ments of water, and may be considered as two molecules of nitric 


peroxide united by an atom of oxygen, thus ne | Ö,; 

It is obtained in colourless lustrous crystals belonging to the 
rhombic system when finely-powdered dry silver nitrate is dropped 
into a flask containing dry chlorine. "The two substances then 
react upon one another, producing nitric anhydride, silver chloride, 
and oxygen. On opening the flask afterwards the oxygen and 
excess of chlorine are got rid of by blowing in dry air, and the 
anhydride, which melts at 30°, is then easily separated from the 
silver chloride by gentle heating. If heated slightly above its 
boiling point (45°), it decomposes with explosion into nitric 
peroxide and oxygen, and the decomposition also goes on slowly 
in sealed tubes. It readily dissolves in water, evolving heat, and 
producing nitric acid :— 


NO,) 
no'j0 + H,O = 2NO,-OH. 





NITRIC OXIDE. 


Combosition: NO. 
This oxide of nitrogen is a colourless gas, slightly soluble in water, 
and with a specific gravity of 1'039. This density corresponds to 
a molecular weight of 1'039 x 28°88 =: 30, whence its composition. 
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Nitric oxide possesses none of the acid properties of nitric 
acid. It is distinguished from all other gaseous bodies by its 
remarkable property of combining directly with oxygen at the 
ordinary temperature to form a dark red gas. From this it follows 
that nitric oxide may at once be recognized by the red colour 
produced when it comes into contact with common air. This red 
gas is either nitrous anhydride or nitric peroxide, according to the 
quantity of oxygen present. 

Nitric oxide is obtained from nitric acid by abstracting a portion 
of its oxygen by copper or some other similar metal. Small 
pieces of copper are placed in a flask and then dilute nitric acid, 
of specific gravity I'23, poured over them. The gas soon begins 
to be given off, and the mixture evolves large quantities of heat, 
and if the flask is not cooled from time to time by dipping it into 
cold water, the reaction may become so violent that the liquid 
froths over. The nitric oxide which is first produced unites at 
once with the oxygen of the air in the flask and forms red fumes 
of nitrous anhydride, but as this compound is absorbed by water, 
the gas when collected in a jar over water soon becomes colour- 
less. After a time, when the whole of the air has been expelled 
from the flask, pure colourless nitric oxide is given off. The reaction 
may be considered as taking place in two stages. In the first 

the copper is oxidized to copper oxide, and the nitric acid reduced 
to nitric oxide and water ; while, in the second, the copper oxide 
unites with the excess of nitric acid to form copper nitrate. The 
entire reaction is expressed in the following equation :— 
3Cu + 8NO,-OH = 3N0:.0} Cu + 2NO + 4H,0. 

If the mixture of copper and nitric acid becomes too hot the 
nitric oxide may easily become contaminated with nitrous oxide. 
Instead of copper we may also use mercury or silver for the 
preparation of nitric oxide ; but all metals cannot be employed, 
some give off nitrous anhydride or nitric peroxide. 

In nitric oxide the constituents are firmly united together, 
much more firmly than in nitrous oxide, which contains twice as 
much oxygen. A glowing chip of wood, faintly glowing charcoal, 
or burning sulphur is at once extinguished in the gas, but strongly 
glowing charcoal continues to burn brilliantly. Phosphorus can 
be melted in the gas without catching fire, but ignited phos- 

‚ phorus goes on burning. In all cases when sub-tances burn in 


[6) 
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nitric oxide the temperature of combustion must be high enough to 
decompose the gas into its constituents. Among the more easily 
combustible substances, the volatile liquid carbon disulphide is 
distinguished by the readiness with which it burns when mixed with 
nitric oxide. A small quantity of the disulphide is poured into a jar 
of the gas closed with a glass plate, the jar slightly agitated so as 
to volatilize the disulphide, and the mixture then ignited. The 
carbon disulphide then burns with so brilliant a flame that it can 
scarcely be borne by the naked eye. 

Strong as well as dilute nitric acid dissolves considerable 
quantities of nitric oxide and becomes coloured brown, yellow, 
green, or blue according to the concentration of the acid. A 
solution in the concentrated acid (specific gravity 1'35) is brown, 
in an acid of specific gravity 1'25 is blue. On heating the acid 
the nitric oxide is again given off. 

Nitric oxide is also absorbed by concentrated solutions of 
ferrous sulphate, yielding a solution of a dark brown colour. This 
property of ferrous sulphate is used to detect small quantities of 
nitric acid (free or combined) contained in a solution. To the 
solution which is to be tested for nitric acid or a nitrate a little 
concentrated sulphuric acid is added, and then a crystal of ferrous 
sulphate. The sulphuric acid serves to set the weaker nitric acid 
free, and this is reduced to nitric oxide by the ferrous sulphate ; the 
gas then unites with the excess of ferrous sulphate to form a dark- 
coloured mantle around the crystal. 





NITROUS ANHYDRIDE AND NITRIC PEROXIDE. 


These two oxides of nitrogen, which are intermediate between 
nitric acid and nitric oxide in composition, are so similar in the 
gaseous state, that one can scarcely be distinguished from the other, 
especially as they are generally produced together. Both are 
brown gases, with a strong unpleasant odour, and both are produced 
by the union of nitric oxide with oxygen— when the nitric oxide is 
in excess, nitrous anhydride is formed, and with excess of oxygen 
nitric peroxide. Both gases can be easily condensed to the liquid 
state by lowering the temperature ; liquid nitrous anhydride is 
blue, while liquid nitric peroxide is brown. 

A mixture of nitrous anhydride and nitric peroxide is easily 
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obtained by heating arsenious anhydride, white arsenic (in lumps) 
with nitric acid of specific gravity 133. When the reaction has 
once been started it goes on without further heating until finished, 
oxygen being abstracted from the nitric acid while the arsenious 
anhydride is oxidized to arsenic acid. The red gases are led 
through a tube surrounded by a freezing mixture and are there 
condensed to a deep blue liquid. This liquid begins to boil at 
+ 2°, and the boiling point gradually rises to 22°. It is a mixture 
of the volatile nitrous anhydride, and the less volatile nitric 
peroxide. From this mixture the two substances may be easily 
obtained in the pure state. 


Nitrous Anhydride: N,O,. 


This substance is obtained from the blue liquid mentioned 
above by passing its vapour mixed with nitric oxide through a red- 
hot glass tube. The nitric peroxide which it contains then 
unites directly with the nitric oxide to form nitrous anhydride : 
NO, + NO = N,O, wbich can be condensed in a freezing mixture 
toan indigo colouredliquid. This liquid does not solidify at - 30° 
and begins to boil below 0°, while at higher temperatures it easily 

' decomposes into nitric peroxide and nitric oxide. Nitrous anhy- 
dride dissolves in a small quantity of ice-cold water and forms 

Nitrous acid NO-OH, according to the equation : N,O, + H,O 
= 2NO-OH. It easily decomposes when slightly warmed into 
nitric acid, nitric oxide, and water :— 


3N0-OH = NO,OH + 2NO + H,O. 


. 

More stable than the acid itself are its compounds—the »frites. 
Potassium nitrite (NO-ORK), which contains one atom of oxygen 
less than potassium nitrate (NO,-OK), is easily produced by 
fusing the latter substance until the oxygen which is given off 
begins to be mixed with nitrogen. The potassium nitrite can then 
be extracted from the powdered mass by means of alcohol, in which 
it is soluble. 

If potassium nitrite, or any other salt of nitrous acid, is treated 
with dilute sulphuric acid, it is at once decomposed ; the nitrous 
acid which is thus set free imparts a transient blue colour to the 
liquid, and soon breaks up into water and red vapours of the lower 
oxides of nitrogen. An aqueous solution of potassium nitrite 
when mixed with silver nitrate produces a white precipitate of 
silver nitrite, thus :— 


71 
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NO-OK + NO,-OAg = NO-OAg + NO,-OK. 


Ammonium nitrite (NO-ONH,), which, it will be remembered, 
breaks up into water and nitrogen when heated (p. 182), is also 
produced in wzrzute quantities when water rapidly evaporates, a 
portion of the water then uniting with the nitrogen of the atmo- 


sphere :— 
2H,0 + N, =» NO-ONH.. 


The same compound is also produced when ammonia is oxi- 
dized by a mixture of ozone and oxygen :— 


2NH, + O0, = NO-ONH, + H,O, 


and the salt is then further oxidized to ammonium nitrate. 


Nitric Peroxide: (NO,), = N,O.. 


This compound of nitrogen and oxygen possesses all the 
properties of a compound radical, and resembles chlorine in many 
respects. A more suitable name for it than nitric peroxide would 
be zz/ryl, corresponding to hydroxyl, sulphuryl, &c. 

Nitric peroxide is best obtained from the crude blue liquid re- 
ferred to on the preceding page. When this liquid is kept in a 
freezing mixture and a current of oxygen led through it the nitrous 
anhydride which it contains becomes oxidized, and pure nitric 
peroxide is obtained. Nitric peroxide may also be prepared by 
leading a mixture of nitric oxide and excess of oxygen intoa cooled 
tube, or, finally, by carefully heating dried lead nitrate in a retort, 
when the salt suffers the following decomposition :— 


NO,-0) 
NO,.o|?> 
’Nitric peroxide is a pale brown liquid, of specific gravity 1'45; 
it boils at 22° and then forms a brown gas, which becomes of 
a darker colour when heated. It freezesat —20° to a colourless 
crystalline mass, which again melts at about — 12°. The vapour 
density of nitric peroxide at low temperatures has been found to be 
2°65, at high temperatures 1'538. The former number approaches 
the density required for the formula N,O,, which would be 


KABEL LER 3'183, while that of the latter is about 
23:88 23:88 
one-half of this, or corresponds to the molecule NO,. 
From this we conclude that at low temperatures the molecule of 
nitric peroxide is composed of twice NO,0r NO,-NO,, which, when 


= (NO,), + O0 + Pb. 











1; Nitrous Anhydride and Nitric Peroxide. 197 


heated to 100°—150°, breaks up into separate molecules of the com- 
position NO,. The same change probably takes place when many 
elements—e.g. oxygen or chlorine—are raised to a very high tempe- 
rature, The atoms, which at ordinary temperatures are united to 
form molecules, then divide into separate atoms and so acquire a 
far stronger power of affınity than in the ordinary molecular state. 
In the same way nitric peroxide unites much more readily with other 
bodies at 100° than atthe ordinary temperature ; for example, it can 
then combine directly with chlorine, bromine, cyanogen, &c. 

Concentrated, colourless nitric acid dissolves large quantities of 
nitric peroxide, producing the red or fuming nitricacid. This acid 

. is amuch more powerful oxidizing agent than ordinary nitric acid, 

because the nitric peroxide which it contains parts with a portion of 
its oxygen far more readily than nitric acid itself. 

In contact with cold water nitric peroxide is decomposed into 
nitric and nitrous acids :— 


(NO), + H,O = NO,-OH + NO-OH; 


the nitrous acid gradually decomposing into nitric acid, nitric 
oxide, and water (p. 195). 

Chlorine, which at low temperatures is without action on nitric 
peroxide, combines with it when a mixture of the two gases is led 
through a heated tube, producing zzi/ryl chloride : NO,Cl, a yellow 
liquid boiling at +5°, which is decomposed by water into nitric 
and hydrochloric acids. 

The same compound is also produced by leading a stream of 
chlorine over gently heated silver nitrate :—— 


NO,-OAg + Ch, = NO,CI + Aglcl + O0. 


If liquid sulphurous acid and nitric peroxide are heated together 
in sealed tubes, or if nitric oxide is allowed to act upon sulphuric 
anhydride, a crystalline compound is produced, of the composition : 
S,0,-2NO,, or O 150°. NO» and which may be considered either 
as the dinitryl of disulphuric acid, or as the anhydride of the next 
following substance, nitrosulphonic acid. This compound melts 
at 217°, and is decomposed by water into sulphuric acid, nitric 
oxide, and nitric peroxide. 

Concentrated sulphuric acid absorbs nitric peroxide and pro- 


. . j INC 
duces white crystalline nitrosulphonic acid: SO,- a (p. 166), in 
>| 


% 
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which one atom of hydroxyl is displaced by one of nitric peroxide, 
nitric acid being probably formed at the same time. This com- 
pound is also decomposed by water into sulphuric acid, nitric oxide, 
and nitric peroxide. 


Agua Regia—This liquid, which owes its name to its property 
of dissolving gold, the king of metals, as well as platinum, is a 
mixture of three parts of hydrochloric acid and one part of nitric 
acid. The two acids act upon one another at the ordinary tem- 
perature, the mixture becoming yellow and giving off minute 
bubbles of gas smelling like chlorine. This gas, which is evolved 
in quantity on gently warming, is a mixture of chlorine and 
nitrosyl chloride: NOCl. In the nascent state the latter sub- 
stance gives up its chlorine to the gold or platinum, produc- 
ing soluble chlorides of these metals. The reaction by which it is 
produced is shown by the following equation :—— 


NO,-OH + 3HCI = NOCI + 2H,O + Cl, 


NITROUS OXIDE. 
Composition: N,O. 


This substance is a colourless, odourless gas, with a somewhat 
sweet taste, and a density of 1'52, wbich corresponds to amolecular 
weight of 4379. Under strong pressure (thirty atmospheres at 0°) 
it is condensed to a colourless liquid, which is lighter than water, 
and with which water does not mix. The liquid boils at about 
--92°,and when allowed to evaporate, rapidly solidifies to a white 
crystalline solid. Nitrous oxide is only slightly soluble in water, 
and can, therefore, be collected over this liquid. 

The gas is easily prepared by heating crystallized ammonium 
nitrate in a retort. The salt then melts and completely decom- 
poses, with much frothing and apparent boiling, into nitrous oxide 
and water. Thus :— 

NO,-ONH, = N,O + 2H,0. 


It is not advisable to decompose the whole of the salt employed, as 
overheating may cause the nitrous oxide to decompose into its 
constituents with an explosion. This method quickly yields large 
quantities of pure nitrous oxide, if care is taken that the ammonium 
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nitrate contains no ammonium chloride, otherwise the gas becomes 
contaminated with chlorine compounds. Nitrous oxide is also 
produced when zinc or one. of afew other metals is dissolved in very 
dilute nitric acid. The gas obtained in this way is, however, never 
pure, but always contains more or less nitric oxide. 

The most remarkable property of nitrous oxide is the readiness 
with which it allows combustible bodies to burn in it. Combustion 
takes place in the gas almost as energetically as in pure oxygen, 
much more so than in nitric oxide, although this gas contains 
twice as much oxygen. From this we conclude that the nitrogen 
and oxygen are much more loosely combined in nitrous oxide than 
in nitric oxide. In fact, nitrous oxide is decomposed into its con- 
stituents even when passed through a red-hot tube. A glowing chip 
of wood catches fire in nitrous oxide almost as easily as in oxygen. 
Phosphorus and charcoal burn brilliantly, and sulphur, if strongly 
ignited, continues to burn with a bright flame. Feebly burning 
sulphur is extinguished in the gas, because the temperature is not 
high enough to decompose it into its constituents. That nitrous 
oxide, although a chemical compound of nitrogen and oxygen, sup- 
ports combustion much better than the mechanical mixture of the 
same two substances which make up common air is partly because 
the compound contains thirty-three per cent. by volume of oxygen, 
while common air has scarcely more than twenty per cent. by 
volume, and is partly due to the fact that when nitrous oxide is de- 
composed a considerable quantity of heat is set free. 

Nitrous oxide is chemically an indifferent body, and does not 
enter into combination with any substance. Its peculiar pro- 
perty of producing intoxication when inhaled is of physiological 
interest. When breathed in small quantities it produces a pleasur- 
able nervous excitation, whence its common name of /aughing-gas. 
But ıf mixed with atmospheric air and inhaled for some time it 
produces, like chloroform, temporary insensibility, and without 
the unpleasant after-effects of the latter substance. It is largely 
used for minor surgical operations, particularly in dentistry, to 
produce insensibility to pain and to allow the surgeon to operate 
more casily.' . 


! The composition of nitrous oxide and of nitrie oxide may be easily 
determined by burning a smali piece of potassium in a given volume of tha 
gas, standing over mercury. "Ihe gas is thus decomposed, its oxygen uniting 
with the potassium and the nitrogen being set free. Nitrous oxide is then 
found to contain its own volume of oxygen and nitric oxide one-half its volume, 
whence the formulse N,O and NO may be easily deduced.—En, 
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ATMOSPHERIC AIR. 


Although the atmosphere is not a chemical compound, it is 
scarcely of less interest and importance to the chemist than water. 
The importance of the atmosphere for chemistry and other allied 
sciences is at once evident when we remember that the air has 
always played a large part in building up and in disintegrating the 
solid crust of the earth, that all processes of combustion or oxida- 
tion on the earth’s surface are supported by it, that its constituents 
nourish both plants and animals, and that the state of health of 
individuals as well as of entire communities depends upon the 
purity of the air as well as of the water supplied to them. 

We have already learnt that atmospheric air deprived of its 
other admixtures consists of about 21 volumes of oxygen mixed 
with about 79 volumes of nitrogen. Besides these two gases 
atmospheric air always contains very varying quantities of water 
vapour, small quantities of carbonic acid (3t0 4 volumes per 10,000), 
and traces of ammonia (a few parts per million). The composition 
of atmospheric air by volume, taking the mean quantity of water 
vapour, is then :— 


Nitrogen . ? x i £ = 78'35 volumes 
Oxygen ; = 2097 Hr 
Water (mean) . 2 d f = 70:84 35 
Carbonie acid = 004 „ 
Ammonia ; : f ‘ = traces. 


100'00 volumes. 


These numbers lead to several interesting questions, the first 
of which is whether the nitrogen and oxygen contained in atmo- 
spheric air are chemically united or only mechanically mixed. If 
we abstract the water vapour and carbonic acid from the air, the 
proportion of nitrogen and oxygen then becomes :— 


Nitrogen . : ; i ; = 79'04 volumes 
Oxygen . : e : : = 20°96 . 


100'00 volumes, 


and it has been found that ever since the composition of the air 
has been accurately known, this proportion has not appreciably 
varied, and that whether the air is taken from over the sea, from 
the surface of the earth inland, or from high mountain tops, even 












u 
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as high as 14,000 feet above the sea-level, the proportion of nitrogen 
and oxygen is always almost exactly the same. This speaks 
strongly forthe supposition that the two gases are chemically united 
in atmospheric air. 

But in spite of this we know for certain that the gases are only 
mixed together—that they do not form a chemical compound in the 
atmosphere. This conclusion is supported by the followingfacts :— 

i. If we mix together 21 volumes of oxygen with 79 volumes of 
nitrogen, we obtain a gas which possesses all the properties of 
common air deprived of its water and carbonic acid. But we 
notice no elevation of temperature, which would certainly take place 
had the gases combined together chemically. 

iı. If cold boiled water is shaken up with atmospheric air, the 
water takes up more oxygen than nitrogen, and the air which re- 
mains behind is then poorer in oxygen than common air. Or, if 
common air is passed through a porous tube more of the lighter 
nitrogen diffuses through in a given time than the heavier oxygen. 
Neither of these partial separations of the nitrogen and oxygen in 
common air could take place if the two substances were chemically 
united. 

iii. Finally, every chemical compound contains its constituents 
not only ina fixed proportiong but also in weights which are some 
simple multiple of the atomic weight of its constituents. Atmo- 
spheric air contains its nitrogen and oxygen in a constant propor- 
tion by volume and weight, but not in simple atomic proportions. 
I'he composition of air by weight is :— 


Nitrogen . } } ; . 77 parts 
Oxygen s P i ; 23 „5 


and if we divide these numbers by the respective atomic weights 
of the elements, we obtain the ratio :— 


. Ze SE BE 5} BES UT ee PR 
a ratio which, although it approaches 4:1, is far from being a 
simple one, as it would bein achemicalcompound. The difference 
in the composition of the air, and of a compound containing four 
atoms of nitrogen and one of oxygen, becomes more apparent if we 
calculate the percentage composition of this unknown body [N,O]. 
We find it to be:— 
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AN = 56; 3 h i i = 77'8 per cent, 
On dor i ; 5 j BAD 5 
72 100'0 


According to which the air contaıns 0'8 per cent. nitrogen less, 
and 0'8 per cent. oxygen more than this unknown compound, 
a difference which is much too great to be ascribed to experi- 
mental errors, especially as the methods employed for the analysis 
of such simple gaseous mixtures leave nothing to be desired in exact- 
ness, and indeed exceed in this respect almost all other analytical 
methods. 


A further and much disputed point is whether the atmospheric 
air has always possessed the same composition which it does at 
present, and whether its composition will not change in the course 
ofages. The occurrence of nitrogen in the mineral kingdom as 
nitre, with that which is contained in the substance of plants and 
animals, is so extremely minute compared with the immense 
quantities of nitrogen in the air that little change has probably 
taken place in the absolute quantity of nitrogen present in the air. 
But the same cannot be said of the oxygen. 

Although we have no means. of wen approximately estimating 
the temperature of the earth when it was in the liquid state, still it 
is more than probable that many of the oxygen compounds which 
now form the crust of theearth were built up from their constituents 
as the earth gradually cooled to the still extremely high tempera- 
tures at which the compounds of oxygen with silicon, calcium, 
hydrogen, &c., can exist. Experiment has shown that water is 
not only decomposed by the electric current, but also when 
raised to a very high temperature. If at any time the tempera- 
ture of the earth was higher than that requisite to decompose - 
water, its atmosphere must have contained, besides nitrogen and 
hydrogen, much larger quantities of oxygen than after it had 
cool!ed down. Only when the temperature fell low enough could 
the hydrogen and oxygen unite together with enormous explosions 
to form water vapour. Possibly the protuberances of the sun’s 
atmosphere, which are considered to be chiefly glowing hydrogen, 
are produced by the union of immense quantities of hydrogen 


and oxygen at heischts in the sun’s atmosphere where the tempera- | 





ture is low enough to allow these two substances to combine 
with one another. 


ia BE a 
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Whether the amount of carbonic acid present in the atmosphere 
was ever greater than is now the case, cannot be satisfactorily 
answered in the present state of our knowleige. We know that 
during geological time immense quantities of carbonic acid, as 

calcium carbonate (limestone), have become a portion of the solid 
_ erust of the earth. A further quantity of carbonic acid has also 
been fixed in the form of our deposits of coal, the remains of extinct 
plants. At the same time it must not be forgotten that the air is 
continually receiving carbonic acid from the interior of the earth 
by volcanoes, active and extinct, and how far these two processes 
balance one another we are at present unable to say. The luxu- 
riant vegetation which produced our coal-helds seems to indicate 
that the amount of carbonic acid ıhen present in the atmosphere 
was greater than now. 

The quantity of oxygen contained in the atmosphere is propor- 
tionally small, and must be continually diminished by the respira- 
tion of men and animals and by the enormous quantities of coal 
which are continually being burnt. At the same time the quantity 
of carbonic acid in the air is increased by these processes. The 
question thus suggests itself, Can this enormous consumption of 
oxygen ever deprive the air of such quantities of this gas as to render 
respiration Impossible? \We know the quantity of oxygen which is 
daily consumed by a man, from which we can easily obtain the 
quantity of oxygen annually consumed by the entire human race 
(reckoned at 1,500,000,000) ; and we can further calculate the total 
quantity ofoxygen contained in the air. Now, if we consider that 
the oxygen consumed by animals, processes of putrefaction and 
combustion, is even nine times more than that consumed by man, 
then in 1,800 years the total quantity of oxygen in the air would 
only be diminished by about one-fifth per cent. But the idea that 
the air can ever become t00 poor in oxygen for respiration may be 
discarded when we remember the action of green plants on atmo- 
spheric carbonic acid. Green plants require carbonic acid for their 
existence and growth as much as animals require oxygen ; under 
the influence of sunlight their green parts decompose the carbonic 
acid, assimilating the carbon and setting the oxygen free. Thus, 
by the mutual action of plants and animals, the proportions of 
oxygen and carbonic acid in the air remain practically unchanged 
for a long time. 

Water and air, once considered to be chemical elements, are 
still important elements in another sense, aud especially for the 
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science of health. The remains of Roman aqueducts illustrate 
the importance which was attached to a good supply of pure water 
2,000 years ago by a nation without our present scientific know- 
ledge. But in this respect we are still far behind the Romans. 
For centuries we have contented ourselves with impure well-water, 
and only in recent years have cholera, typhus, and other epidemics, 
together with a general high death-rate, been attributed to an 
impure and insufficient water supply. 

The question of ventilation, or the supply of pure fresh air, is 
even more neglected. It is well known how detrimental it is for a 
number of persons to remain long in a closed space where the air 
becomes charged with carbonic acid, water vapour, and other 
noxious emanations from the body, and it is also well known how 
easily this great evil may be avoided by leading away the bad air 
and supplying good air in its place. But, notwithstanding this 
knowledge, public and private buildings are continually being 
erected with insuffhicient ventilation, or, in some cases, with even 
none atall. 





COMPOUNDS OF NITROGEN WITE THE 
HALOGENS. 


Nitrogen combines with the halogens even less easilythan with 
hydrogen, and never unites directly with them. The halogen com- 
pounds of nitrogen can only be obtained, like ammonia, by indirect 
methods ; unlike ammonia, which they resemble in composition, 
they do not unite with acids, and they are further distinguished by 
their great instability. 

The elements in these compounds are so loosely combined, 
that mere contact with some indifferent liquid or solid often suffices 
to decompose them with a powerful explosion. They are therefore 
dangerous substances to deal with, and their properties ought to 
be known before commencing experiments with them. The best 
known of these compounds are nitrogen chloride and nitrogen 
iodide. 





Witrogen Chloride : NC], (?). This compound, which may be 
considered as ammonia in which the hydrogen is partly or entirely 
displaced by chlorine, but of which the .exact composition is un- 


ine 
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known, is obtained by the action of free chlorine on ammonia, with 
simultaneous production of hydrochloric acid. 

Nitrogen chloride is a yellow oily liquid, with a specific gravity 
of 1°6, and sinks in water. It possesses a powerful, piercing odour, 
by which minute quantities of it may be detected. 

The compound is easily obtained by passing chlorine into a 
saturated solution of ammonium chloride at about 30°, when the 
following reaction probably takes place :— 


NH,CI + 3Cl, = 4HCI + NCI. 


Aqueous ammonia is even more easily decomposed than the 
chloride, but cannot be employed, as the nitrogen chloride is again 
decomposed by free ammonia. 

Owing to the great danger in experimenting with nitrogen chlo- 
ride, it is not advisable to prepare large quantities of it. By the 
following method, small quantities, sufficient to observe its odour 
and explosive properties, may be safely obtained. 

In a strong leaden dish about eight inches wide and four inches 
deep is placed a second smaller dish, also of lead, and about three 
inches wide, and the large dish then filled to about two-thirds with 
a luke-warm saturated solution of ammonium chloride. A cylin- 
drical glass jar is also filled with the same liquid, inverted in the 
dish and suspended by a wire just over the smaller dish. Chlorine 
gas is now led into the cylinder until the liquid is completely dis- 
placed, when the apparatus is allowed to stand quietly. As the 
liquid now gradually rises in the jar, small oily drops of nitrogen 
chloride appear on the surface, which gradually fall inco the small 
leaden dish. When nearly all the chlorine is absorbed, the small 
dish is removed, a portion of the solution poured off, and the com- 
pound exploded. The explosion is best brought about by tying 
an oiled feather to the end of a long stick, and then bringing it 
into contact with the nitrogen chloride ; the whole then instantly 
explodes, while the liquid is shot up several feet high and the base 
of the leaden dish pressed quite flat. . 

The force of the explosion is so great that a drop of the chlo- 
ride of the size of a pea, exploded under water in a porcelain dish 
with an oiled feather, not only breaks the dish into small fragments, 
but forces the piece immediately under the drop into the wooden 
support. 

The discoverer of nitrogen chloride, the French chemist Dulong, 
who, being unacquainted with its explosive character, attempted to 
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distil some in a retort, lost several fingers of one hand by the ex- 
plosion. j 

If in any way larger quantities of nitrogen chloride have been 
obtained than it is considered advisable to explode, the substance 
may be left to itself under the liquid. After some little time, it will 
gradually disappear owing to spontaneous decomposition. 

Nitrogen chloride is also obtained by the electrolytic decom- 
position of ammonium chloride. If two platinum plates are im- 
mersed in a warm saturated solution of the salt, and a strong 
current passed for a short time, the chlorine, which is evolved at 
the positive plate, becomes converted into nitrogen chloride. A 
powerful explosion then ensues if the two plates are brought into 
contact. 


Nitrogen ZIodide: NI,(?), This compound is a dark-brown 
solid, closely resembling precipitated iodine. It is obtained when 
a saturated alcoholie solution of iodine is mixed with excess of 
strong ammonia. The precipitate is then brought on a filter and 
well washed with water. As long as the substance is moist, it 
bears pressure and contact with all those substances which so 
easily explode nitrogen chloride ; but if dried, mere contact with a 
particle of dust orthe percussion produced by closing a door is often 
sufficient to decompose it into its constituents with an explosion. 





PHOSPHORUS. 
Chemical Symbol : P— Atomic Weight: 31. 


Phosphorus is not found in the free state in nature, but occurs 
in the mineral kingdom principally as calcium phosphate in the 
minerals Phosphorite, apatite, &c., and in coprolites. All soils 
contain phosphorus, but usually in only minute quantities. From 
the soil the phosphorus is taken up by plants, which produce very 
complex organic compounds containing it, and is collected by them 
in various parts of their structures, particularly in their sceds. 
These phosphorus compounds then pass into the bodies of animals 
with the nutriment contained in the plants ; they form an impor- 
tant constituent of the blood, nerve substance, &c., and undergo an 
oxidation in the body, being again converted into phosphoric acid 
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In combination with lime, this phosphoric acid forms the greater 
part of the mineral substance of the bones, while a portion is 
expelled from the body in the fueces, and a larger portion in the 
urine, and is thus returned again to the soil. 

Phosphorus was first obtained by its discoverer, Brand, of 
Hamburg (1669), from concentrated urine. A hundred years later 
Scheele recognized the fact that the urine as well as the bones 
contain calcium phosphate, and that it is this substance which 
yields the phosphorus obtained from urine. The name phosphorus 
is derived from its property of shining in the dark (das, light, and 
cbepsuv, to bear). 

We are acquainted with phosphorus in at least two different 
modifications, which are so different in appearance and in their 
physical as well as in some of their chemical properties that they 
might have been thought to be different elements if it were not 
easy to convert one into the other, and if the products of their 
union with other elements were not the same. 

The variety longest known, and commonly called ordinary or 
yellow phosphorus, is, when freshly prepared, a colourless trans- 
parent solid, which is coloured yellow under the action of light, and 
has a specific gravity of 1'83. It may be melted under water at 
a temperature of 44° to a colourless liquid, easily solidifying again 
and sometimes assuming a crystalline form. At the ordinary 
temperature phosphorus is as soft as wax, but becomes brittle at 
low temperatures. Phosphorus boils at 290°, and when out of 
contact with air may be distilled unchanged. Its gas is colourless, 
and has a specific gravity (at 1,000°) of 45. From the density of 
its vapour its molecular weight is 4°5 x 28:88 = 129'9, or, in other 
words, the molecule of phosphorus in the gaseous state has the 
composition P, and contains four atoms. 

Phosphorus heated in the air slightly above its melting point 
catches fire and burns, producing white fumes of phosphoric 
anhydride. At lower temperatures, when exposed to the air it 
oxidizes without the production of flame, forming phosphorous anhy- 
dride. The white fumes produced when a stick of phosphorus is 
exposed to the air, and which are luminous in the dark, are due to 
phosphorous anhydride, and the garlic-like odour noticed at the 
same time is produced by the same substance. Ordinary phos- 
phorus is so inflammable that it catches fire when rubbed on a 
rough surface ; it should never be held, even for a short time, be- 


tween the fingers, as burning phosphorus produces very painful, 
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slowly healing wounds. This modification of phosphorus is always 
preserved under water, in which it is insoluble. And although it 
possesses a very strong affınity for oxygen, it does not decompose 
water like potassium and sodium. It is slightly soluble in alcohol 
and ether, but easily soluble in carbon disulphide, from which solu- 
tion it again separates in crystals belonging to the regular system. 
Phosphorus in this modification is extremely poisonous ; even small 
quantities have been known to produce fatal effects. 

A second modification of phosphorus is the red or amorphous 
variety. This is a red-brown amorphous powder, of specific 
gravity 22 (or heavier than common phosphorus). It does not 
melt, even when heated up to 250°, neither does it produce white 
fumes when exposed to the air, nor is it Juminous in the dark. It 
catches fire in the air only when heated up to 260°, is insoluble in 
carbon disulphide, is odourless, and not poisonous. 

This red modification is produced when ordinary phosphorus 
is heated in an atmosphere of carbonic acid or hydrogen to a 
temperature of 240° for some time; the change goes on more 
quickly if the phosphorus is heated in sealed tubes to 300°. But 
in all cases the weight of the phosphorus neither increases nor 
diminishes. If iodine is mixed with an excess of ordinary phos- 
phorus and the mixture heated, the portion of phosphorus which does 
not combine with the iodine is converted into the red variety. A 
small quantity of iodine suffices to produce the change in a large 
quantity of phosphorus. The same change is also slowly produced 
by the action oflight. Phosphorus exposed to the light becomes first 
yellow and then red. In order to purify the red modification from 
common phosphorus mechanically mixed with it, it may be re- 
peatedly shaken with carbon disulphide or boiled with caustic soda. 

It is remarkable that just as ordinary phosphorus is converted 
into the red variety on heating, so also the latter may be changed 
into the former by the action of heat. Amorphous phosphorus 
heated in a retort filled with carbonic acid to 260°—z.e. to a 
temperature only slightly higher than is required for its production 
—is completely changed into thecommon form. And in this case, 
too, no change in weight is observed. 

Since phosphorus has been employed for important technical 
purposes, particularly for the manufacture of lucifer matches, large 
quantities are annually manufactured. The material employed 
for its extraction is not urine, from which it was first prepared, but 
is the calcium phosphate of burnt bones, or as one of the several 
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forms in which the compound occurs in the mineral kingdom. 
Although the attraction of phosphorus for oxygen is very great, it is 
exceeded by that of glowing charcoal. Phosphoric acid, in the 
proper form, when mixed with powdered charcoal and heated to 
bright redness, is completely reduced with formation of carbonic 
oxide. But if the compound of phosphoric acid and lime, as it 
occurs in nature or in burnt bones (calcium phosphate, Ca,(PO,),), 
were employed, no reduction would take place. It is only the free 
acid, or compounds of calcium containing more phosphoric acid 
than the normal salt, which are decomposed on heating with 
charcoal. In order to obtain such a compound the following 
method is adopted. Finely powdered bone-ash, containing 
normal calcium phosphate, is warmed wıth enough dilute 
sulphuric acid to withdraw two-thirds of the calcium, which 
unites with the sulphuric acid forming insoluble sulphate, while 
“ the remaining third of the calcium remains combined with 
the whole of the phosphoric acid as a soluble acid phosphate: 
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H.Cal PO or 2 1d.ce" commonly called swperphosphate of 
lime : 

PO! z . PO) (OH) 

Po) O,Ca, + 2SO,(OH), = 2S0,-0,Ca + PO) 0,Ca 
The clear solution is next drawn oft and concentrated in leaden 
pans, and the concentrated solution so obtained is then mixed 
with powdered charcoal, dried, and heated to low redness. During 
this process the acid phosphate loses water and becomes converted 


into calcium metaphosphate: Ca(PO,), or 502!0,Ca, a com- 


) 


pound which contains more phosphoric acid than the normal 
phosphate, and from which two-thirds of the phosphorus is ob- 
tained on glowing with charcoal :— 





> 
3(PO,),0,Ca + 10C = P, + p0,0,Ca, + 10C0, 


the calcium being again converted into the normal phosphate. 
The reduction is carried on in earthenware retorts connected with 
earthenware vessels containing water. The gaseous phosphorus 
distils over and condenses under the water, while the carbonic 
oxide escapes. The raw product is then purified by redistillation 
from iron retorts and by squeezing the liquid through leather 
under warm water. Phosphorus as it occurs in trade is usually 
P 


210 Text-Book of Inorganic Chemistry. 


in the form of sticks ; this form is given it by the highly dangerous 
practice of sucking up the molten substance under water into 
conical glass tubes, from which it is easily removed on solidifi- 
cation. 

If a stick of phosphorus, one end of which is wrapped in paper, 
is used to write on a board, the characters are luminous in the 
dark. Small pieces of phosphorus are by this means rubbed oft 
on the board and gradually oxidize to phosphorous acid. The 
luminosity of phosphorus or its oxidation to phosphorous acid is 
always accompanied with the production of ozone. Various bodies 
in the gaseous state when mixed with atmospheric air prevent its 
slow oxidation and at the same time its Juminosity ; among these 
are small quantities of oil of turpentine vapour, ether, ammonia, 
and various hydrocarbons. Phosphorus is, however, much less 
luminous in pure oxygen than in common air, or in oxygen diluted 
with an indifferent gas. 

Phosphorus unites as easily with the halogens as with oxygen, 
liberating a large amount of light and heat. With chlorine it forms 
either phosphorus trichloride or pentachloride according to the 
relative quantities of phosphorus and chlorine which act upon one 
another. 

The affınity of phosphorus for sulphur is so great that by drop- 
ping flowers of sulphur on to phosphorus melted under water the 
union takes place with a very considerable elevation of temperature, 
and dangerous explosions may often be produced. Phosphorus 
does not appear to unite directly with hydrogen, nitrogen, or 
carbon. 

The principal use of phosphorus is in the manufacture of lucifer 
matches, for which both modifications are employed. Common 
matches are dipped in a mixture containing common phosphorus, 
and ignite when rubbed on any rough surface, the ignition being 
imparted to the wood by previously dipping the matches in melted 
paraffin. In the other kind of matches, commonly known as 
safety matches, the matches themselves contain no phosphorus but 1 
only some substance which readily gives off oxygen (usually potas- 
sium chlorate), while one side of the box is covered with finely 
divided amorphous phosphorus put on with gum water. The 
matches are then ignited by rubbing them on the prepared surface. 
Their ignition is due to the change of the part of the amorphous 
phosphorus rubbed by the match into the common form by the 
heat of friction ; this then adheres to the match and causes it to 
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catch fire. Ifphosphorus is rubbed up with fat a mixture is pro- 
duced which is luminous in the dark, and which is used asa poison 
for rats and mice. 


COMPOUNDS OF PHOSPHORUS AND HYDROGEN. 


Two compounds of these elements are known—viz. a gaseous 
compound having the composition PH, and corresponding to 
ammonia (NH,), and a liquid, P,H,, corresponding to amidogen 
(NH); | 


Gaseous Phosphoretted Hydrogen Or Phosphine: PH.. 


This compound is a colourless gas, with an exceedingly un- 
pleasant garlic odour, and is nearly insoluble in water. Its specific 
gravity is 1'18, which corresponds to a molecular weight of 
118 + 28°88 = 34°08, and its molecule is therefore represented by 
the formula PH,. 

The gas is not spontaneously inflammable, but at once ignites 
when brought into contact with a flame, burning to form water and 
phosphoric acid. 

Phosphine is easily obtained by heating phosphorus with a 
solution of a strong base, such as potash, soda, lime, or haryta 
Although phosphorus possesses so strong an attraction for oxygen 
it cannot decompose water even at the boiling temperature, but the 
decomposition goes on readily in the presence of a strong soluble 
base, a portion of the phosphorus uniting with the base to form a 
hypophosphite. The gas may also be prepared from solid calcium 
phosphide, which, in contact with warm water, is rapidly decom- 
posed into phosphine, calcium hypophosphite, and calcium hydrate. 
But the gas obtained by either of these processes is always spon- 
taneously inlammable. This is due to the fact that it contains 
small quantities of the volatile liquid phosphoretted hydrogen, 
which is spontaneously inflammable, and causes the gas to ignite 
in the air just as it does when mixed with other inflammable gases, 
such as carbonic oxide or hydrogen. The following equations re- 
present the simultaneous production of the two compounds when 
phosphorus is heated with caustic potash :— 


Pi 
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() 4P + 3KOH + 3H,0O = 3H,PO:-0K + PH, 


Potassium hypo- 
phosphite 


(i.)6P + 4KOH + 4H,O = 4H,PO-OK + PH, 


The preparation of phosphine containing the spontaneously 
inflammable liquid compound must be performed with care. If 
phosphorus were heated in a flask half filled with caustic potash 
and provided with a tightly fitting cork and delivery-tube, the 
phosphoretted hydrogen would unite with the oxygen in the flask 
and catch fire, and the heat so produced would be sufficient to 
cause an explosion. It is better, therefore, to fill the flask nearly 
upto the neck and to place the cork in loosely until the oxygen 
contained in the small quantity of air present has been consumed. 
The delivery-tube must be wide so that it may not become closed 
with small particles of phosphorus carried over mechanically ; it 
should dip under warım water. 

In order to prepare the spontaneously inflammable gas from 
calcium phosphide, this compound is broken into small pieces of 
the size of a pea and dropped through a wide tube into a Woulffe’s 
bottle half filled with warm water, the other tubulus of the bottle 
being provided with a delivery tube. The wide tube must just dip 
under the liquid and must be closed with a small cork. Before any 
calcium phosphide is introduced, the air contained in the Woulffe’s 
bottle must be completely displaced by carbonic acid to prevent 
the gas from catching fire inside the bottle. 

The spontaneously inlammable gas when preserved over water 
for some time, and particularly when exposed to the light, is found 
to lose its property of catching fire when brought into contact with 
the air, and at the same time the walls of the glass vessel become 
covered with a yellow film." This phenomenon depends upon the 
instability of the liquid compound, which easily breaks up, espe- 
cially in sunlight, into phosphine and phosphorus :— 

sp,H, = "APH,, = 2E. 

The spontaneously inflammable liquid may be easily separated 
from the gaseous compound by passing the mixture through a 
U-tube placed in a freezing mixture. By this means the volatile 
liquid is condensed and the gas is no longer spontaneously inflam- 
mable. 

ı This yellow film is considered by some chemists to contain hydrogen and 
to consist of a compound of 4 atoms of phosphorus united with 2 atoms of 
hydrogen : P,H2.—ED. 
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Pure phosphine may be prepared by dropping calcium phos- 
phide into hydrochloric acid instead of into water, or by acting 
upon phosphorus with alcoholic instead of aqueous caustic potash. 
Hydrochloric acid and alcohol appear to prevent the formation of 
the liquid phosphoretted hydrogen, or to decompose it immedi- 
ately. 

The pure gas when led into nitric acid mixed with a small 
quantity of the fuming acid becomes spontaneously inflammable. 
This is probably due to the abstraction of a portion of its hydrogen, 
which is oxidized by the nitric acid, with the production of liquid 
phosphoretted hydrogen. 

Phosphine is distinguished from its analogue ammonia not only 
by its insolubility in water, but also by its incapability of uniting 
either with hydrochloric acid or with oxy-acids to form chemical 
compounds, but it still possesses weak basic properties. If dry 
phosphine and dry hydriodic acid are brought into contact with one 
another they unite to form a compound called Zhosphontum todide, 
PH,I (p. 128), analogous in composition to ammonium iodide, 
which cerystallizes in cubes, and may be sublimed unchanged. The 
compound is, however, unstable ; it is decomposed by water into 
hydriodic acid and phosphine. 


Liquid Phosphoretted Hydrogen: P,H.. 


This compound, which is prepared from the spontaneously in- 
flammable gas by passing it through a freezing mixture, is a colour- 
less, powerfully refractive liquid, does not mix with water, and at 
once catches fire when exposed to the air. The liquid undergoes a 
gradual decomposition, even in sealed tubes, into phosphine and 
amorphous phosphorus. The gas finally exercises so great a 
pressure on the tube as to produce an explosion. It is, therefore, 
not practicable to preserve the Iıquid in sealed tubes. 





COMPOUNDS OF PHOSPHORUS AND OXYGEN. 


Although phosphorus is so closely allied to nitrogen, we are 
only acquainted with two oxides of this element—viz. phosphorous 
anhydride (P,O,) and phosphoric anhydride (P,O,), corresponding 
tonitrous anhydride and nitric anhydride respectively. Compounds 


ik 
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of phosphorus having a similar composition to nitric peroxide, 
nitric oxide, and nitrous oxide, have not yet been prepared. 

From these two oxygen compounds are derived the two acids, 
common tribasic phosphoric acid and dibasic phosphorous acid. 
Besides these, a third (lower) acid is also known, which is called 
hypophosphorous acid and is monobasic. The following are the 
formula of these three acids of phosphorus, all containing pentad 
phosphorus :— 


(OH 

Common phosphoric acid . : ol Konz 
(OH 

i OH 

Phosphorous acid : k : HRG Ion 
Hypophosphorous acid ; i . H,PO:OH 


A fourth acid of phosphorus has recently been discovered of 


“| 
the composition : [Boom and called hypophosphoric acid. 





PHOSPHORIC ANHYDRIDE: P,O,. 


The white fumes produced when phosphorus burns with a flame 
in dry air consist of this compound. If the phosphorus is burnt in 
a closed space—e.g. under a bell-jar—they then condense to a light 
snow-white powder, which very readily attracts moisture from the 
air and forms liquid phosphoric acid. When thrown into water 
the anhydride hisses like a red-hot iron, and a large quantity of 
heat isat the same time set free. In fact, there are few substances 
which equal this body in its attraction for water. Unlike nitric 
anhydride, it is not volatile at ordinary temperatures, and does not, 
therefore, fume in moist air ; but it may be sublimed when strongly 
heated in a glass tube. 

The acid first produced when the anhydride unites with water 
contains only one atom of hydrogen displaceable by a metal, and is 
therefore monobasic. This acid is me/aphosphoric acid: PO,-OH, 
and its production is shown by the following equation :— 


pg|O + H,O = 2PO,-OH. 
Phosphoric Metaphosphoric 


anhydride 
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Besides this phosphoric acid, which corresponds to nitric acid in its 
composition, we are also acquainted with a tri-anda tetrabasic acid. 
Tribasic phosphoric acid, which has the composition PO(HO)., 
and whose normal salts with monobasic metals contain three atoms 
of the metal replacing the three atoms of hydrogen, is common or 
orthophosphoric acid. Only compounds of this tribasic acid occur 
in nature. 

Metaphosphoric acid, produced as we have seen from phos- 
phoric anhydride and water, takes up a molecule of water when 
boiled and becomes converted into common phosphoric acid :— 

PO,OH + H,O = PO(OH), 

The change which has taken place may be readily proved bya few 
simple reactions. Metaphosphoric acid coagulates white of egg, 
common phosphoric acid does not ; on adding a little ammonia, 
the former gives with silver nitrate a white precipitate of silver 
metaphosphate : PO,-OAg, the latter with the same reagent gives 
a yellow precipitate of silver orthophosphate : PO(OAg),. The 
conversion of metaphosphoric acid into common phosphoric acid 
is therefore complete when the liquid no longer coagulates white of 
egg and gives a bright yellow precipitate with silver nitrate, 

Preceding the formation of common phosphoric acid from meta- 
phosphoric acid, when the solution is warmed, is the production of 
tetrabasic Syrophosphoric acid, which may be recognized by the 
fact that this acid does not coagulate white of egg but givesa white 
precipitate of silver pyrophosphate when mixed with silver nitrate. 
Its production from the monobasic acid is shown by the following 
equation !— 


(PO(ON), 
> r F e " ’2 
a O1 POIOH). 
Metaphosphoric Pyrophosphoric 
acid acid 


All three acids may therefore be represented as compounds of 
phosphoric anhydride with varying quantities of water, thus :— 


PO,) Be 
P0,j0 + MO = 2PO,OH 
Metaphosphoric 
acid 
FO, ] IPO(OH), 
v0, + 30 = Oipglon, 
Pyrophosphoric 
acid 
> 
3 O + 3H,0 = 2PO/OH), 
z Orthophosphoric 


acid 
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ORTHO- OR COMMON PHOSPHORIC ACID: PO(OH),. 


On evaporating the aqueous solution of common phosphoric acid, 
when the temperature is not allowed to rise much above 150°, the 
acid remains behind as a colourless, thick, viscid liquid, of specific 
gravity 1'88, from which large, colourless crystals 'occasionally 
separate out. It readily attracts moisture from the air and 
deliquesces. When heated more strongly it loses water and 
becomes first converted into pyro- and then into metaphosphoric 
acid. 

Common phosphoric acid is easily prepared by oxidizing 
phosphorus with nitric acid. Sticks of phosphorus are heated in a 
retort with pure nitric acid of specific gravity 12, when an energetic 
reaction takes place and red vapours of the lower oxides of 
nitrogen are given off. The retort is best provided with a cooled 
receiver, so that the nitric acid distilling over may be poured back 
into the retort. As soon as all the phosphorus has disappeared 
the excess of nitric acid is driven off, which at the same time 
oxidizes the phosphorous acid, also present, to the higher phosphoric 
acid. Finally, the viscid liquid is heated in a platinum dish until 
the temperature reaches 150°. 

Another and very easy method of preparing phosphoric acid is 
from phosphorus pentachloride. If this substance is dropped into 
water in small quantities at a time, it decomposes, with consider- 
able rise in temperature, into phosphoric and hydrochloric acids, 
phosphoric oxychloride being produced as an intermediate pro- 
duct :— 

DEl,, + 40 «= 1: ROl0E),: Hr FREl: 

Pure phosphoric acid may then be obtained by evaporating 
the strongly acid liquid. 

Since commercial phosphorus always contains arsenic, because 
the sulphuric acid used in the preparation of the acid calcium 
phosphate is always contaminated with arsenic, the phosphoric 
acid prepared either from phosphorus or from phosphorus penta- 
chloride always contains traces of arsenic in the form of arsenic 
acid. In order to separate this impurity the phosphoric acid, after 
being freed from the nitric or hydrochloric acid, is diluted with a 
large quantity of water, gently warmed, and a stream of sulphu- 
retted hydrogen passed through it as long as insoluble yellow 
arsenious sulphide separates out. The whole of the arsenic is 
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precipitated, when a small portion of the clear liquid again 
saturated with sulphuretted hydrogen and allowed to stand for 
some hours shows no further turbidity. The clear filtered liquid 
then yields pure phosphoric acid on evaporation. 

Phosphoric acid may also be prepared from the acid calcium 
phosphate (superphosphate of lime), obtained by acting on bone-ash 
or some other form of calcium phosphate with sulphuric acid. 
The solution of the superphosphate, which still contains calcium 
sulphate, is mixed with a solution of ammonium carbonate to pre- 
cipitate the lime. The filtered liquid, which contains ammonium 
sulphate and phosphate, is then evaporated to dryness and glowed 
in order to drive off the ammonium sulphate and to expel the 
ammonia from the ammonium phosphate. Phosphoric acid pre- 
pared in this way always contains, however, small quantities of 
ammonium salts. 

Phosphoric acid is one of the strongest inorganic acids. Ata 
high temperature it even expels sulphuric acid from its compounds, 
being less volatile than this acid. Since it isa tribasic acid, it forms 
three series of salts :— 

(1.) Normal salts, in which all Ahree of its hydrogen atoms are 
displaced by a metal. 

(11.) Monacid salts, in which /wo atoms of hydrogen are dis- 
placed by a metal, and (iii.) Diaczd salts, in which only orre atom ot 
hydrogen is displaced. 

In the normal salts the hydrogen may be either displaced by 
three atoms of a monad metal, by one of a monad and one ofa 
dyad, or by one of triad metal, thus :— 


| Normal sodium phosphate : : : PO(ONa), 
Normal sodium-ammonium phosphate . poJ\ONa), 
ı(ONH, 


Normal ammonium-magnesium phosphate PO | ONH 


Normal ferric phosphate . ; n ‚ PO:O,Fe’” 


In the first class of acid salts the two atoms of hydrogen may 
either be displaced by two atoms of amonad metal or by me atom 
ofa dyad, thus :— 


: ; ((ONa), 
Monacid sodium phosphate PO \OH 
Monacid calcium phosphate po! Os 


#1 


. 
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And, finally, for the second class of acid salts we may take as an 
example :— 


Diacid sedium phos ; i ONa 
phosphate 2 PO. (OHM), 

The phosphates of the metals, particularly the normal salts, 
are mostly insoluble in water, but easily soluble in nitric acid ; only 
the phosphates of the alkalies can be obtained in a well-defined 
crystalline state from their solutions. 

Normal silver phosphate isa bright yellow amorphous precipi- 
tate, easily soluble in nitric acid. It is obtained on the addition of 
silver nitrate to a solution of common sodium phosphate. This 
latter compound, the Phosphate of soda of the shops, is not the 
normal compound, but is monacid sodium phosphate—..e. it con- 
iains one atom of hydrogen undisplaced. The reaction by which 
normal silver phosphate is produced when this salt is mixed with 
silver nitrate is as follows :— 


Po in + 3NO,-OAg = PO(OAg),+2NO,-ONa+NO,OH. 
Whence it is seen that nitric acid is at the same time set free, and 
if the clear liquid is filtered off, it will be found to possess an acid 
reaction, and to contain some silver phosphate dissolved in it. 
We produce, therefore, from the two neutral solutions of mono- 
hydric sodium phosphate and silver nitrate an acid liquid. The 
phosphoric acid contained in thisand other similar acid compounds 
can, therefore, only be completely precipitated by silver nitrate by 
neutralizing with soda or some other suitable base. 

The insolubility of ammonium-magnesium phosphate in water, 
especially in presence of ammonia, and the constant composition of 
this compound, makes it well adapted both to detect phosphoric 
acid and to determine its quantity. It is precipitated as a white 
crystalline powder when a solution of sodium or any other soluble 
phosphate is mixed with magnesium sulphate, ammonium chlo- 
ride, and ammonia. 

If monacid sodium phosphate is mixed with magnesium sul- 
phate the acid magnesium compound is produced. Thus :— 


((ONA), j e 0,Mg ION 
PO OH + 50,-0,Mg = PO = a SO,-(ONa),, 


which is soluble in water, even in the presence of ammonium chloride. 
If, however, ammonia is added in excess, the insoluble ammonium- 
magnesium phosphate is precipitated :— 
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10. is (0,Mg 


ORTE, 

.The er of ammonium chloride is necessary to prevent the 
precipitation of magnesium hydrate from the excess of magnesium 
sulphate and ammonia. Magnesium hydrate forms an easily 
soluble. compound with ammonium chloride. 

An excellent method of detecting and separating phosphoric 
acid in nitric acid solutions containing iron, lime, &c., is furnished 
by molybdie acid. If such a solution containing free nitric acid is 
mixed with a solution of ammonium molybdate in nitric acid, the 
liquid first becomes yellow and then deposits a yellow crystalline 


vo, + NH, = PO 


"precipitate consisting of a compound of phosphorice and molybdic 





acids. By this means a soil, for example, may be examined for 
phosphoric acid, and its quantity, if present, determined. 

If solid monacid sodium phosphate is gently heated, it first of 
all loses its water of crystallization. On further heating it gives up 
the hydrogen which it contains, together with sufficient oxygen to 
form water, and normal sodium pyrophosphate remains behind :— 
((ONa), (PO(ONa), 
\OH \PO(ONa), 

When diacid sodium phosphate is heated, water is also given 
off, but the compound which remains behind is then normal 
sodium metaphosphate :— 


PO! (Om) = PO,.ONa + H,O. 


2PO oO! H,O. 


The same compound is more easily obtained by heating acid 
ammonium-sodium phosphate (wicrocosmic salt), which then gives 
off ammonia and water :— 


(ONa 
PO-ONH, = PO, ONa + NH, + H,O. 
(OH 


Pyrophosphorice Acid: 0. |POLOHL* 1, 29,, 

This compound is obtained as a colourless crystalline mass, 
easily soluble in water, when phosphoric acid is heated slightly 
above 200°, until a portion when neutralized with ammonia gives a 
pure white precipitate with silver nitrate. If sodium pyrophos- 
phate, obtained as mentioned above, is dissolved in water mixed 
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with silver nitrate, the white precipitate filtered off, washed well,and 
then again decomposed by passing a current of sulphuretted hydro- 
gen through water containing it in suspension, black silver sulphide 
is formed, and the acid solution contains pyrophosphoric acid. 
Such an aqueous solution of the acid cannot, however, be kept for 
any time ; it combines with water and forms common phosphoric 
acid, slowly when cold, more rapidly when heated :— 


(PO(OH), j 
O\Po(on) + H,O = 2PO(OR), 


Pyrophosphoric acid is a tetrabasic acid, its four atoms of 
hydrogen may be displaced by thesame or by different metals, and 
besides the normal salts three classes of acid salts are also known 
accordingly as one, two, or three atoms of hydrogen are displaced. 


Metaphosphoric Acid : PO,-OH. 


This acid is obtained in aqueous solution by allowing phos- 
phoric anhydride to deliquesce in the air, or as a vitreous, 
amorphous mass by heating common phosphoric acid to redness. 
In the latter state it forms the glacial phosphoric acid of the 
pharmacists. In combination with sodium it is produced, as we 
have already seen, by heating microcosmic salt to redness. 

The acid and its soluble salts give with silver nitrate an 
insoluble white precipitate of silver metaphosphate: PO,-OAg, 
and are distinguished from the two other phosphoric acıds and 
their salts by their property of coagulating albumen (white of egg). 

Metaphosphoric acid when in solution gradually absorbs water 
and is converted into common phosphoric acid. The change goes 
on slowly in the cold, but more rapidly when the liquid is heated. 
Solutions of the metaphosphates also take up water in the same 
way—e.g. 1— 

PO,-ONa + H,O = Po|d. 
The recently discovered Aypophosphoric acid: [Eol0H% isa 


tetrabasic acid intermediate between phosphoric and phosphorous 
acids, and is produced with phosphorous and ‚phosphoric acids, 
when phosphorus oxidizes slowlyin moist air. Its solution may be 
evaporated at alow temperature, but is decomposed on boiling into 
phosphorous and phosphoric acids. 
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Phosphorous Anhydride: P,O.., 


The white fumes produced when a stick of phosphorus is 
exposed to the air consist principally of phosphorous acid. The 
pure anhydride may be obtained by gently heating a stick of dry 
phosphörus in a glass tube and leading a current of dry aır over it. 
The phosphorus then burns with a pale greenish flame, and the 
anhydride is deposited in the cool end of the tube as a snow-white 
powder resembling phosphoric anhydride. Phosphorous anhydride 
has still a strong attraction for oxygen ; when exposed to the air it 
catches fire and burns to phosphoric anhydride. 

When phosphorous anhydride is brought into contact with 
water, or when phosphorus is allowed to oxidize slowly in moist 
air, the corresponding acid—phosphorous acid—is produced. 


OH 
OH 

Although this compound contains three atoms of hydrogen, 
only two of them can be displaced by metal, and it is therefore a 
dibasic acid. It is best prepared by dropping phosphorus trichlo- 


ride into water. The chloride then breaks into hydrochloric and 
phosphorous acids, thus :— 


Phosphorous Acid: Hro| 


PC, + 3H,0 = 3HCI + HPO-0N 
IL 


The strongly acid liquid is freed from the hydrochloric acid by 
rapid evaporation, when phosphorous acid remains behind as a 
clear, colourless syrup, which if preserved for some time over sul- 
phuric acid in a vacuum changes into a crystalline mass. 

Pure phosphorous acid is obtained as a bye-product in the pre- 
paration of acetyl chloride, when glacial acetic acid is gradually 
added to phosphorus trichloride, contained in a retort, and the 
volatile acetyl chloride together with the excess of acetic acid dis- 
tilled off. Phosphorous acid then remains behind as a thick 
colourless liquid, which solidifies on cooling. If we represent the 
radical of acetic acid by the symbol A, acetic acid then has the 
formula AOH, and the process is represented by the following 
equation :— 

PCI, + 3AOH = 3ACI + HPO(OH),. 


Phosphorous acid meltsat 70°; ifthe acid is strongly heated it 
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breaks up into phosphoric acid and phosphine, the latter catching 
fire in the air :— 


4HPO(OH), = 3PO-(OH), + PH, 


The phosphites when strongly heated undergo a similar change. 

The strong attraction of phosphorous acid for oxygen and its 
readiness to pass into phosphoric makes it a powerful reducing 
agent. When an aqueous solution is gently warmed with solutions 
of mercury or silver the compounds of these metals are reduced to 
the metallicstate. Similarly, when the acid is exposed to the air it 
gradually takes up oxygen and becomes converted into phosphoric 
acid. 





Hypophosphorous Acid: (H,PO)OH. 


This acid of phosphorus, which contains less oxygen than phos- 
phorous acid, is monobasic. Its molecule contains three atoms 
of hydrogen, but only one of these atoms can be displaced by 
a metal. The acid is soluble in water, and on evaporating down 
its aqueous solution remains behind as a syrupy liquid, which crys- 
tallizes below 0°. Most of its salts crystallize easily, and are all 
soluble in water. 

The hypophosphites are produced, as we have already seen 
(p. 211), when an aqueous solution of an alkali is heated with phos- 
phorus. Phosphoretted hydrogen is then evolved, and the hypo- 
phosphite remains behind in solution. For the preparation of 
hypophosphorous acid and its salts it is best to employ barium 
hydrate (baryta-water), since the insolubility of barium carbonate 
affords a ready means of removing the excess of alkali. After a 
hot saturated solution of baryta-water has been heated with excess 
of phosphorus for some time until phosphoretted hydrogen is no 
longer evolved, the whole is allowed to cool, and carbonic acid 
passed through the clear liquid until it no longer reacts alkaline ; 
heat being applied towards the end. The barium carbonate is 
then filtered off, and the liquid evaporated down, when barium 
hypophosphite crystallizes out on cooling. The production of this 
salt is represented by the following equation, which is similar to 
that by which potassium hypophosphite is formed (p. 212) :— 


6P + 2Ba(OH), + 4H,O = al H:po} 0» Ba’ + P,H. 
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Milk of lime (calcium hydrate) may be employed instead of the 
baryta-water, when calcium hypophosphite is easily obtained in the 
crystalline form. Calcium hypophosphite is also obtained when 
calcium phosphide is decomposed by warm water (p. 211). 

The free acid may be prepared from the barium salt by pre- 
cipitating the barium with sulphuric acid and filtering off from the 
insoluble barium sulphate. The aqueous solution can be evapo- 
rated to a certain degree of concentration without decomposition, 
but when more strongly heated breaks up (like phosphorous acid) 
into phosphoric acid and phosphine :— 

2H,PO-OH = PO(OH, + PH, 

It possesses a strong attraction for oxygen, and, like phosphorous 
acid, reduces various metals from their oxides or from solutions of 
their salts. 


COMPOUNDS OF PHOSPHORUS WITH THE 
HALOGENS. 


We are acquainted with two compounds of phosphorus and 
chlorine—viz. phosphorus trichloride, PCI,, in which the phos- 
phorus is triad, and phosphorus pentachloride, PCI,, in which the 
phosphorus is pentad. Similar compounds with bromine are also 
known. A corresponding phosphorus triodide, PI,, also exists, but 
the pentaiodide has not been prepared ; on the other hand, a com- 
pound containing less iodine, of the composition (PI,), or P,I,— 
phosphorus di-iodide—is known. Phosphorus forms only one com- 
pound with fluorine—the gaseous pentafluoride, PF,. 

The attraction between phosphorus and the halogens is so great 
that all these compounds, except the fluoride, can be easily pre- 
pared by the direct union of their constituents : while the strong 
attraction of phosphorus for oxygen and of the halogens for hydro- 
gen is the reason why these compounds are easily decomposed by 
water with a considerable evolution of heat. 
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PHOSPHORUS TRICHLORIDE (Phosphorous Chloride). 
Composition: PCI,. 


This compound is a colourless liquid, fuming in moist air, and 
which may be prepared in quantity in the following manner. The 
bottom of a large tubulated retort is covered about half an inch 
deep with dry sand, and when the air has been expelled by car- 
bonic acid carefully dried sticks of phosphorus are introduced. 
The neck of the retort is then connected with a cooled receiver, 
and a rapid stream of dry chlorine led into it. The phosphorus 
catches fire in the atmosphere of chlorine, melts, and burns with a 
pale flame, forming the trichloride which distils over. The process 
must be so regulated that the chlorine is not in excess, partly by 
reducing the current of the gas and partly by heating the retort 
more strongly. An excess of chlorine would produce the solid 
pentachloride. But if too much phosphorus vapour is produced, 
a portion distils over into the condenser and receiver. In the pre- 
paration of large quantities it is best to employ several vessels 
generating chlorine, when the trichloride can then be distilled in an 
even stream. 

The substance so obtained is never pure; either it contains 
dissolved pentachloride or free suspended phosphorus. In the 
latter case redistillation is sufficient to remove most of the phos- 
phorus : in the former case the liquid must be digested with free 
phosphorus, which converts the pentachloride into the trichloride, 
and be again distilled. The phosphorus trichloride then only con- 
tains small quantities of free dissolved phosphorus, for which it is 
a good solvent. 

Phosphorus trichloride is a clear, colourless liquid of 158 
specific gravity. It boils at 76°, and its vapour has a density of 
4'7, which corresponds to a molecular weight of 137, and its com- 
position PCl,. It fumes in moist air and is at once decomposed 
by water into phosphorous and hydrochloric acids with a consider- 
able rise intemperature. With chlorine it unites readily and forms 
the solid pentachloride. 








i 
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PHOSPHORUS PENTACHLORIDE (Phosphorio 
Chloride). 


Composition: PCI,. 


The solid volatile phosphorus pentachloride is easily prepared 
from the liquid trichloride by causing the latter to unite directly 
with two further atoms of chlorine. A wide-necked flask is about 
half filled with phosphorus trichloride on to which chlorine is led 
by a wide tube passing through a glass plate closing the neck of 
the flask. The tube must not touch the liquid or it will become 
closed by the solid pentachloride. The chlorine is rapidly ab- 
sorbed, a large quantity of heat is evolved, and the flask must be 
kept cool throughout the operation. It is necessary to stir the 
mass from time to time and finally to slightly warm it. The con- 
version is complete when chlorine is no longer absorbed on allow- 
ing the solid mass to stand in contact with the gas in closed 
vessels. 

Another method of preparation consists in dissolving phos- 
phorus in carbon disulphide, and then passing chlorine throush 
“this solution. Phosphorus pentachloride, which is insoluble in 
carbon disulphide, then separates out in indistinct crystals. 

Phosphorus pentachloride is a white crystalline mass fuming 
'intheair. It sublimes without melting at 100°, and melts under 

| pressure at about 148.° Its vapour when inhaled is exceedingly 
lirritating, a fact which should not be forgotten in experimenting 
with it. All operations with it should be carried on in a good 
‘draught of air. Its vapour density is 3°6, corresponding to a 
ı molecular weight of 104, which is only one-half that required for 
tthe formula PCI, (2085). The reason of this is that one molecule 
‘of the pentachloride breaks up when heated (dissociates) into one 
ı molecule of the trichloride and one of free chlorine, which occupy 
!twice the volume that one molecule of the pentachloride would 
!take up. On cooling again the two substances recombine and 
| produce phosphorus pentachloride. When the pentachloride is 
Üthrown into water it is at once decomposed with a large evolution 
of heat, while a colourless oil collects at the bottom of the vessel 
“and after atime disappears. This oil is phosphoric oxychloride, 


Q 












A 
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POCI,, or the chloride of common phosphoric acid, PO(0H),. % 
is decomposed by water into phosphoric and hydrochloric acids :— 


PC, + H,O = POcCı, + 2HCı. 
POCI, + 3H,0 = PO-(OH), + 3HCI. 


The tendency of phosphorus pentachloride to exchange two 
atoms of chlorine for one of oxygen makes it a valuable agent for 
preparing compounds of chlorine which are difficult to obtain in 
any other way. We have seen (p. 165) that when a mixture of 
phosphorus pentachloride and sulphuric acid is heated, chlorsul- 
phonic acid, phosphoric oxychloride, and hydrochloric acid are 
formed. 





PHÖOSPHORIC OXYCHLORIDE (Phosphoryl 
Chloride). 


Composition: POCI],. 


This substance, which closcly resembles phosphorus trichloride 
in its physical properties, is gradually produced from phosphorus 
pentachloride when exposed to moist air. It is, however, better 
prepared by heating the pentachloride with certain acids or with 
compounds containing water chemically combined. The best 
substance to employ for this purpose is ordinary crystallized boric 
acid, which is then converted into boric anhydride :— 

3PC, + 2B(OH),, = 3POC, + BO, + 6HCI. 

Boric acid Boric anhydride 

Phosphorus pentachloride and boric acid are mixed in the 
proportions shown in the equation—z.e. about five parts ofthe former 
with one part of the latter—the mixture placed in aretort, and then 
heated. Torrents of hydrochloric acid are given off, and phosphoric 
oxychloride distils over into the well-cooled receiver. The boric 
anhydride, which finally remains behind in the retort, may be 
dissolved up in warm water, allowed to crystallize, and again used 
for the same purpose. 

Phosphoric oxychloride is a colourless liquid sinking in water, 
by which itis soon decomposed. It has a specific gravity of 17, 
boils at 110°, fumes when exposed to the air, and possesses a 
piercing odour. It iseasily decomposed by water into hydrochloric- 
and phosphoric acids. 

Corresponding to phosphoric oxychlorideisasulphurcompound, 
phosphoric sulphochloride : PSCl,, which is also a colourless liquid, 
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of specific gravity 1’6and boiling at 125°. It fumes in the air and 
is slowly decomposed by water into phosphoric acid, hydrochloric 
acid, and sulphuretted hydrogen. This compound is obtained by 
heating phosphorus pentachloride with certain metallic sulphides— 
e.g. antimonous sulphide :— 


‚.3PC, + Sb,S, = 3PSCl, + z2SbCl, 
Antimonous Antimonous 
sulphide chloride 





BROMIDES OF PHOSPHORUS. 
Phosphorus Tribromide (Phosphorous Bromide): PBr,. 


This is a heavy colourless liquid, of specific gravity 2°9, boiling 
at 173°, and closely similar in its chemical properties to the 
corresponding trichloride. It is best obtained by dissolving a 
known weight of phosphorus in about eight times as much carbon 
disulphide, and then dropping in therequisite quantity of bromine— 
2.e. three atoms of bromine for every atom of phosphorus. Assoon 
asthe reaction has ceased and all bromine has disappeared the 
carbon disulphide is evaporated off ona water bath, and then the 
phosphorus tribromide distilled over. 


Phosphorus Pentabromide (hosphoric Bromide): PBr,,. 


The pentabromide is prepared in precisely the same way as 
the tribromide, except that five atoms of bromine for every atom 
of phosphorus are employed. 

It is a yellow, crystalline solid, less stable than phosphorus 
pentachloride, decomposing even at 100° into phosphorus tribromide 
and bromine. When acted upon by water it behaves ina similar 
manner to the corresponding pentachloride. 


Phosphoric Oxybromide: POBr,, is acrystalline solid, melting 
at 45° and boiling at 195°. It is obtained, together with acetyl 
bromide and hydrobromic acid, by acting on phosphorus penta- 
bromide with acetic acid :— 


PBr, + AOH = POBr, + ÄBr + HBr. 
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IODIDES OF PHOSPHORUS. 


We have already remarked that phosphorus penta-iodide is 
unknown ; only the tri- and di-iodides have been as yet prepared. 
Both are obtained in the same way—viz. adding the requisite 
quantity of iodine to a solution of phosphorus in carbon disulphide. 


Phosphorus Tri-iodide : PI,, is soluble in carbon disulphide, 
but separates out as red crystals when the liquid, after distilling off 
the disulphide, is placed in a freezing mixture. It melts at 55°, 
gives off iodine at its boiling temperature, and is easily decomposed 
by water into phosphorous and hydriodic acids. 


Phosphorus Di-iodide : P,I,, can be obtained not only by the 
method indicated above, but also by the direct union of solid phos- 
phorus and iodine. For this purpose a flask is filled with carbonic 
acid gas and the phosphorus and iodine introduced in the correct 
proportions. On contact they combine energetically with one 
another, forming a dark-coloured liquid, which, when the reaction 
has been completed by slight rise in temperature, solidifies to a 
crystalline mass on cooling. When this mass is dissolved in hot 
carbon disulphide, phosphorus di-iodide is deposited on cooling 






as bright orange coloured tablets or prisms. The di-iodide melts 


at ıro’to a bright red liquid, and is decomposed by water into 
hydriodic acid, phosphorous acid, and amorphous phosphorus :— 


3P,I, + ı2H,O = 4HPO(OH), + ı2Hl + 2P. 





COMPOUNDS OF PHOSPHORUS AND SULPHUR. 


Phosphorus and sulphur unite in several proportions with one 
another. They have a strong attraction for one another, and their 
union is accompanied with so considerable an evolution of heat 
that if large quantities are employed disastrous explosions may 
be produced. 

But if amorphous phosphorus is employed, large quantities of 
these compounds may be easily and safely prepared. Powdered 
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sulphur and amorphous phosphorus are mixed together, and the 
mixture heated in a closed Hessian crucible. The crucible is first 
gently heated, and then more strongly after the reaction has 
taken place. The two substances unite with one another at the 
moment when the amorphous phosphorus passes into the common 
form. A large quantity of heat is given off, but no explosion takes 
place. If sulphur is in excess phosphorus pentasulphide: P,S., 
is produced, while with excess of phosphorus tetraphosphoric 
trisulphide : P,S,, is formed. 


Phosphorus Pentasulphide (Phosphoric Sulphide): P,S,, 
may also be prepared by heating yellow phosphorus with sulphur 
and carbon disulphide in sealed tubes at 210°. On cooling, the 
compound separates out in long yellow needles. It melts at 210°, 
boils without decomposition at about 530°, and is decomposed by 
water into phosphoric acid and sulphuretted hydrogen. 


Tetraphosphoric Trisulphide : PS,, is easily soluble in cold 
carbon disulphide, from which it crystallizes in long, yellow, rhombic 
prisms, which ımelt at 166° and are only slowly decomposed by 
water into phosphorous acid and sulphuretted hydrogen. 


Among other sulphides of phosphorus may be mentioned: 
Phosphorus disulphide : PS,, or more probably P,S,, which is also 
prepared by heatinga mixture of phosphorus, sulphur,and carbon 
disulphide. 





ARSENIC. 
Chemical Symbol : As— Atomic Weight: 75. 

Arsenie occurs in nature both native and in chemical combina- 
tion with other elements. Native arsenic is sometimes found in 
the crystalline)state, but it generally occurs in rough lumps, which 
easily break up into uneven laminwe. More common in nature are 
its compounds, of which the following are the most important : 
Arsenical iron, FeAs, ; arsenical iron pyrites or mispickel, FeSAs ; 
Kupfer-nickel, NiAs ; smaltine or tin white cobalt (Co,Ni,Fe) As, ; 
realgar, As,S,; orpiment, As,S,. Besides these, arsenic is also 
found in combination with oxygen as wiite arsenic: As,O,, and in 


# 
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the form of arsenic acid in various minerals, such as Shenacolite, 
cobalt-bloom, mumetesite, &c. Finally, it is a very remarkable fact 
that arsenic, probably as arsenious acid, has been discovered in 
many mineral springs, in those of Ems, Kissingen, Pyrmont, 
Schwalbach for example. The quantity is, however, so extremely 
small that the physiological action of the mineral waters can 
scarcely be ascribed to its influence. 

Arsenic (commonly called ‘metallic’ arsenic to distinguish it 
from ‘white’ arsenic, the oxide), when freshly broken, possesses a 
steel-grey colour, and strong metallic lustre. It is very brittle, 
and may therefore easily be reduced to powder. Its specific 
gravity is 577. When heated arsenic sublimes and condenses 
partly as an amorphous mass, and partly as rhombohedra ; it may 
be melted under increased pressure. The specific gravity of its 
vapour at about 860° is Io'2, which corresponds to a molecular 
weight of about 300, or, in other words, its molecule in the gaseous 
state contains four atoms. In this abnormal property arsenic re- 
sembles, therefore, phosphorus and sulphur. 

When exposed to moist air arsenic loses its metallic lustre, and 
becomes dull in consequence of surface oxidation. It is insoluble 
in water, but if the water contains air a small quantity of the 
arsenic is oxidized by the oxygen of the air to arsenious acid, which 
then dissolves in the water. 

When heated in the air arsenic volatilizes and burns, forming 
white fumes of arsenious anhydride. Atthe same time an unplea- 





sant garlic-like odour is noticed, which is perhaps peculiar to 


arsenic vapour, or is perhaps due to a lower oxide. Heated in 
oxygen, arsenic burns with a large evolution of light and heat, also 
producing arsenious anhydride. Finely powdered arsenic, when 


shaken into a jar of chlorine, catches fire and burns to arsenious 


chloride. Nitric acid oxidizes arsenic to arsenious or arsenic acid 
accordingly as the arsenic or nitric acid is in excess. In the same 
way concentrated sulphuric acid also oxidizes arsenic, and is itself 
reduced toasulphurous anhydride. Hydrochloric acid scarcely acts 
upon it. 

Native arsenic is never pure. It may be obtained pure by 
sublimation from arsenical iron pyrites, which breaks up when 
heated into ferrous sulphide and metallic arsenic. 

Arsenic is chiefly used in the arts for hardening lead in the 
manufacture of shot. 


Arseniuretted Hydrogen (Arsine). 231 


ARSENIURETTED HYDROGEN (Arsine). 
Composition: AsH,. 


This substance, corresponding to ammonia in composition, is 
the only known compound of arsenic and hydrogen. In conse- 
quence of the weak affinities of the two elements for one another 
it cannot be prepared directly from its constituents. 

Arseniuretted hydrogen is a colourless gas, with a repulsive 
odour resembling garlic, and only slightly soluble in water. It is 
condensed at — 40° to a colourless liquid, and burns when ignited in 
the air with a livid flame forming water and arsenious anhydride. 
The specific gravity of the gas is 27, corresponding to the mole- 
cular formula : AsH,. Arseniuretted hydrogen is one of the most 
deadly poisons with which we are acquainted ; it is more poisonous 
than any other compound ofarsenic. "The chemist Gehlen lost his 
life by inhaling this gas, and fatal effects have also been produced 
in some other cases. Experiments with arseniuretted hydrogen 
must therefore be undertaken with great care, and the conditions 
under which the gas may be produced ought to be well known. 

Arseniuretted hydrogen is produced in all cases when nascent 
hydrogen and arsenic are brought together, especially in acid liquids. 
In considerable quantities it may be obtained by acting on an alloy 
of zinc and arsenic (prepared by adding two parts of arsenic to three 
of meited zinc, and pouring the alloy into cold water) with dilute 
hydrochloric acid. The reaction is illustrated by the following 
equation :— 





Aa (OH . 
As,Zn, + 350, 10H = 350,'0,2n + zAsH.. 

Since commercial zinc nearly always contains small quantities 
of arsenic, the hydrogen which is prepared from zinc is nearly 
always contaminated with arseniuretted hydrogen. On the other 
hand, commercial hydrochloric and sulphuric acids also contain 
traces of arsenic as arsenious acid, and when such acids are used 
for the preparation of hydrogen, the nascent hydrogen reduces the 
arsenious acid to arseniuretted hydrogen :— 

As,0, + 6H, = 3H,0 + zAsH,. 


On adding a few drops of a solution of arsenious acid to an appa- 
ratus evolving hydrogen from zine and sulphuric acid, a mixture of 
hydrogen with sufficient arseniuretted hydrogen to exhibit its most 


u 
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important properties is obtained. It is extremely dangerous to 
prepare the nearly pure gas from the alloy of zinc andarsenic. The 
production of the gas from a solution of arsenious acid and nascent 
hydrogen is used to detect extremely minute quantities of arsenic. 

The two constituents are so loosely combined in arseniuretted 
hydrogen, that the compound is decomposed at a low red-heat into 
arsenic and hydrogen. When led in a slow stream through a red- 
hot glass tube, the inner walls of the tube just beyond the heated 
portion become coated with a lustrous, nearly black mirror of re- 
duced arsenic. The mirror of arsenic may be readily observed 
when very minute quantities of the gas mixed with much hydrogen 
are passed through the hot tube. The same decomposition takes 
place when a jet of arseniuretted hydrogen is infamed in the air. 
By the high temperature of the flame the unburnt gas in its interior 
is decomposed into hydrogen and arsenic, and it is this finely 
divided arsenic which imparts to the flame its pale livid’ colour. 
That free arsenic is really present in the interior of the flame may 
be readıly proved by pressing a piece of cold white porcelain, 
such as a porcelain dish, down upon the flame. The cold porcelain 
becomes coated with a round stain of black arsenic at the spot 
where the flame has touched it. The same phenomenon is produced, 
though less intense, if the gas is mixed with a large quantity of 
hydrogen. 

It is well known that wall-papers printed with colours (especially 
bright greens) containing arsenic exercise an injurious influence 
on persons living or sleeping in rooms so papered. The papers are 
fastened to the walls with starch paste, which easily ferments and 
sets free nascent hydrogen. And since the whole thickness of the 
paper is saturated with the paste, this nascent hydrogen comes 
directly into contact with the arsenic compounds, and reduces them 
to arseniuretted hydrogen, which then poisons the air of the rooms. 
The quantity of.the gas produced is of course very minute, but 
often sufficient to produce very injurious effects, and sometimes a 
faint unpleasant smell may also be observed. The sale of such 
papers ought therefore to be forbidden by law. 

That the arsenic and hydrogen are only feebly united in 
arseniuretted hydrogen is also shown .by its general chemical 
behaviour. Chlorine decomposes the gas at once into arsenious 
chloride and hydrochloric acid, producing a large quantity of light 
and heat. This is easily shown by leading the gas into a cylinder 
containing chlorine. 
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Arseniuretted hydrogen led into a solution of silver nitrate 
produces a black precipitate of metallic silver, while both the 
hydrogen and arsenic are oxidized :— 


2AsH, + 12NO,-OAg + 3H,0 = 
ı2NO,-OH + ı12Ag + As,0,. 


With copper sulphate it precipitates copper arsenide. 


COMPOUNDS OF ARSENIC WITH OXYGEN. 


Two of these compounds are known—arsenious anhydride and 
arsenic anhydride—both of which are soluble in water and then 
produce the corresponding acids. The former is a weak acid only 
sliehtly soluble in water, while the latter is easily soluble, and is a 
strong acid. The two oxides possess an analogous composition to 
that of phosphorous and phosphoric anhydrides, and arsenic acid, 
like common phosphoric acid, is tribasic. 

Just as when sulphur is burnt, sulphurous anhydride is produced 
and not sulphuric anhydride, so too the combustion of arsenic always 
produces arsenious anhydride and not arsenic anhydride Wecan, 
however, easily oxidize arsenic, or the lower oxide, to arsenic acid 
by nitric acid, in the same manner as we obtain sulphuric acid from 
sulphur or its lower oxide. 





ARSENIOUS ANHYDRIDE. (White Arsenic.) 
Composition: As,O,. 


’ This oxide of arsenic is found in small quantities in nature as 
the mineral arsenic-bloom, and is produced on a large scale by 
roasting various minerals containing arsenic in a free supply of air. 
The volatile products so produced, which consist chiefly of sulphu- 
rous and arsenious anhydrides, are led through long passages and 
chambers, where the arsenious anhydride is deposited as a white 
erystalline powder. It is brought into trade partly in this form, 
and partly as a vitreous, amorphous solid. 

Arsenious anhydride is odourless, both in the solid and gaseous 
States. It possesses a faint sweetish taste. Two modifications of 
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this substance are known—the one amorphous and vitreous, the 
other crystalline. The former is prepared from the latter by 
subliming the white crystalline powder in upright iron retorts at 
as high a temperature as possible, when the vitreous form is de- 
posited in crusts on the neck of the retort. 

Vitreous arsenious anhydride is a transparent, lustrous, amor- 
phous solid, breaking with a conchoidal fracture. It Kas a specific 
gravity of 372, and gradually changes from the exterior to the 
interior into the crystalline modification and assumes the appear- 
ance of white porcelain. Pieces of vitreous arsenious anhydride 
which have been prepared for some time are found, when broken, 
to contain only a small nucleus of the transparent kind, all the 
rest having changed into the crystalline variety. 

The crystalline modification has a somewhat smaller specific 
gravity (362), and is less soluble in water than the vitreous kind. 
One part of the former requires 355 parts of water for its solution 
at the ordinary temperature, while one part of the latter dissolves 
in 108 parts of water ; in boiling water more of each variety is 
dissolved. A hot saturated aqueous solution, on cooling, deposits 
arsenious anhydride in regular octahedra. The aqueous solution 
faintly reddens litmus paper. It is remarkable that, although 
arsenious anhydride is much less soluble in water than arsenic 
anhydride, it is still far more poisonous than this latter compound. 
Hydrochlorie acid dissolves much larger quantities of arsenious 
anhydride than water. Nitric acid oxidizes it to arsenic acid, and 
is itself reduced to nitrous anhydride and nitric peroxide (p. 194). 

Arsenious anhydride sublimes when heated without melting, 
and is deposited on the cool walls of the vessel in brilliant trans- 
parent octahedra. It is dimorphous, and sometimes occurs in 
crystals belonging to the rhombic system. 

The vapour density of arsenious anhydride has been found 
to be 13'8, which corresponds to a molecule consisting of four 
atoms of arsenic united with six atoms of oxygen. It is, however, 
probable that if the vapour density were determined at a higher 
temperature it would be found to be only one-half as great, or, 
in other words, that the molecules of arsenious anhydride which 
exist at comparatively low temperatures would break up into 
molecules of half the weight, just as those of sulphur vapour, 
which contain six atoms at a temperature of about 100° above its 
boiling point, break up at a higher temperature into molecules 
only one-third as heavy. 
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Arsenious Acid: As(OH),,is probably contained in an aqueous 
solution of arsenious anhydride, but has not yet been prepared in the 
free state. Itisatribasic acid. With the alkalies it forms soluble 
salts ; its other compounds are insoluble or difficultly soluble in 
water, but are easily dissolved by acids, even by excess of arsenious 
acid itself. Its compounds are in general but little known ; many 
are unstable because of the weak affınities of the acid. The 
ammonium compound, obtained by saturating an aqueous solution 
of the acid with ammonia, loses all its ammonia on evaporation 
and finally leaves only arsenious anhydride behind. If to an 
aqueous solution of arsenious acid silver nitrate is added, no pre- 
cipitate of silver arsenite is formed ; because the nitric acid, which 
is set free on the production of this compound, keeps it in solution, 
But on the addition of one drop of ammonia, which neutralizes the 
nitric acid, a bright yellow precipitate is obtained, very similar to 
silver phosphate in appearance. It is also soluble in ammonia, 
and care must therefore be taken not to add too much of this 
reagent. Arseniousacid or its salts are at once distinguished from 
phosphoric acid or its salts by the production of a yellow precipi- 
tate of arsenious sulphide, when sulphuretted hydrogen is led 
through their slightly acid solution. 

The double compound of copper arsenite and copper acetate 
(Schweinfurt green), as well as an acid copper arsenite (Scheele’s 
green), are brilliant green pigments. Both are extremely poisonous, 
and are therefore but little employed ; they should never be used 
for paper-hangings, textile fabrics, toys, and other similar articles. 


No substance has been for so long and so often the cause of 
death by poisoning both accidentally and intentionally as arsenious 
anhydride. Its external appearance, particularly its similarity to 
common flour, its slight taste, and lack of odour combine to render 
it particularly dangerous. Doses of o'ı2 gramme (2 grains), or 
even less, often produce fatal efiects. Chemists have, therefore, 
endeavoured to discover, firstly, some substance which, when taken 
internally, shall counteract the action of the poison—i.e. act as an 
antidote , secondly, some method by means of which arsenic may 
be readily and certainly discovered in the bodies of persons who 
are supposed to have been poisoned by it. Both these objects have 
now been attained. 

Notwithstanding its poisonous properties, it is a remarkable 
fact that some animals—e.g. horses—can take large doses of arsenic 
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without any ill effects. On the contrary, it improves their general 
appearance and makes their coats more glossy. Doses, even 
as large as ı5 grammes, have also been given to sheep without 
apparent injury. In the same way man himself may become 
accustomed to the use of arsenic. The so-called arsenic eaters 
of the Tyrol, who commence with small doses, at last take as much 
as ; gramme daily and even more. They thus become stouter, 
look healthier, and can ascend mountains more easily. Symptoms 
of arsenic poisoning only make their appearance when the use of 
the poison is discontinued. 

For more than 2,000 years it was vainly endeavoured to discover 
some substance which should act as an antidote to arsenic. In 
1834, however, Bunsen discovered such a substance in ferric 
hydrate, which, when taken soon enough, nearly always entirely 
counteracts the injurious effects of the poison, This discovery 
was not the result of accident, but was due to simple deductions 
from chemical facts. Bunsen found during his investigations on 
arsenious acid that ferric arsenite is quite insoluble in water ; it 
was also known that substances insoluble in water and the gastric 
Juice do not exercise any poisonous action on the animal body. 
From this he argued that if ferric hydrate in a suitable form were 
introduced into the stomach of persons who had taken arsenious 
acid, this insoluble and innocuous ferric arsenite would be formed 
and afterwards expelled from the body. 

His expectations were realised in a remarkable degree, and 
since then many valuable lives have been saved by the action of 
this antidote. Itis only the freshly precipitated hydrate which 
possesses this action. If the hydrate is kept for long, even when 
mixed with water, it undergoes a molecular change and becomes 
much weaker in its action. One of the best methods of administer- 
ing the antidote is as follows. A solution of ferric sulphate, pre- 
pared by oxidizing ferrous sulphate, is mixed with calcined mag- 
nesia (magnesium oxide). The substances then produced are the 
red-brown insoluble ferric hydrate and soluble magnesium sul- 
phate (Epsom salt), which remains in solution :— 


(SO,.),O,Fe, + 3MgO + 3H,O 
= Fe, (OH), + 3S50,-0,Mg. 
The ferric hydrate combines with the arsenious acid, while the 


accompanying magnesium sulphate acts as a powerful purgative 
and rapidly removes the arsenic from the system. 
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DETECTION OF ARSENIC IN CASES OF 
SUSPECTED POISONING. 


In cases of suspected poisoning by arsenic, it is first necessary 
to make a mechanical examination of the vomit or of the contents 
of the stomach to discover, if possible, white grains of unabsorbed 
arsenious anhydride. Ifsuch are found they are carefully collected 
and subjected to a special examination. 

One or two of these grains are placed at the end of a closed 
class tube drawn outto a fine point, above which a small splinter 
of freshly glowed wood-charcoal is allowed to fall, as shown in 





Fig. 48. 


fig. 48. The splinter of charcoal is now gently heated in a gas 
flame until faintly glowing, and the tube is then slightly inclined 
so as to bring its extreme end into the flame. If the substance is 
arsenious anhydride it is converted into vapour, which on passing 
over the red-hot charcoal is reduced, its oxygen uniting with the 
charcoal, the reduced arsenic being deposited in the cooler parts 
ofthe tube above the charcoal as a lustrous black ring (fig. 49). 








Fig. 49. 


To be sure that this metallic mirror is really arsenic, the end of the 
tube is cut off when cold, the piece of charcoal allowed to drop 
out, and the mirror gently heated. The arsenic is then again con- 
verted into vapour, recombines with the oxygen contained in the 
warm air passing through the tube, and is deposited in the form 
of arsenious anhydride as a white crystalline coating in the upper 
and cooler parts of the tube. At the same time the garlic-like 
odour, produced when arsenic is volatilized, is noticed at the upper 
end of the tube. 

The white deposit of arsenious anhydride must dissolve in one 
drop of hydrochloric acid, and the solution, with the tube itself, 
when dropped into a test-tube containing sulphuretted hydrogen 
water, must give a bright yellow precipitate of arsenious sulphide. 
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Whether white grains of free arsenious anhydride have been 
found or not, it is usually necessary to look for the arsenic, which 
may be intimately mixed or chemically combined with the organic 
matter of the stomach and other organs. For this purpose it is 
first necessary to destroy the organic matter in the following 
manner. 

The organs are cut into small pieces, placed in a porcelain 
basin,and heated on the wafer-dbath with chemically pure hydro- 
chloric acid, while small quantities of potassium chlorate are added 
from time to time. The chlorine which is liberated from the mix- 
ture of hydrochloric acid and potassium chlorate destroys the 
organic substances and oxidizes the arsenic to arsenic acid. The 


mixture must not be heated over the naked flame, or at least not 


hoiled, for if this were done arsenic chloride would pass off with 
acid vapours and so be lost. As soon as the potassium chlorate 
has been completely destroyed, which may be easily recognized by 
the liquid no longer smelling of chlorine—the hydrochlorie acid 
being of course in excess—the liquid is filtered and the residue 
well washed with hot water. All the arsenic, in the form of 
arsenic acid, is now contained in the solution, together with small 
quantities of organic compounds. From the clear liquid the 
arsenic is thrown down as arsenious sulphide by a long-continued 
stream of well-washed sulphuretted hydrogen. Arsenic acid, un- 
like arsenious acid, is not precipitated a? once by sulphu- 
retted hydrogen, but only after some time. The first action of 
the gas is to reduce the arsenic acid to arsenious acid, free 
sulphur being at the same time precipitated. The yellow precipi- 
tate consists therefore of a mixture of sulphur and arsenious 
sulphide. 

As soon as the liquid smells strongly of sulphuretted hydrogen 
and has been allowed to stand for about twelve hours in a warm 
place, the precipitate—usually dark-coloured from organic im- 
purities—is collected on a small filter aud well washed. The 
moist filter paper with the precipitate is then spread out inside a 
small porcelain dish, carefully dried, and moistened with pure con- 
centrated sulphuric acid. On gently warming the dish, the paper 
is completely charred and destroyed, as well as the traces of organic 
substances mixed with the precipitate ; a few drops of pure nitric 
acid or a crystal of nitre then completely oxidizes the arsenious 
sulphide again to arsenic acid. The filtered solution now con- 
tains the whole of the arsenic originally present in combination 
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with oxygen as arsenic acid, and it now remains to prove in a 
certain manner the presence or absence of this substance. 

This is done by means of Marsi’s apparatus, in which arsenic 
acid or arsenious acid is reduced to arseniuretted hydrogen, a gas 
easily yielding free arsenic when decomposed by heating. 

Marsh’s apparatus, so called after its discoverer, consists of a 
two-necked Woulffe’s bottle (fig. 50) furnished with a funnel-tube 
and a delivery-tube, both fitted gas-tight through good, sound 
corks. The short, bent delivery-tube is attached by a sound cork 
to a piece of difficultly fusible gas (called combustion-tube) which 
has been previously narrowed in several places, and of which the 
end is bent upwards at right angles, and terminates in a small jet. 
The front part of this tube is packed loosely with cotton-wool or 
























































glass-wool, to retain any liquid which might be mechanically 
carried over from the Woulffe’s bottle by the gas. The tube is 
supported in several places so that it may not bend when after- 
wards heated. 

After a quantity of granulated zinc, free from arsenıc, has been 
introduced into the Woulffe’s bottle and the apparatus arranged 
as described, a cold mixture of pure sulphuric acid wıth about 
eight times its volume of water, prepared beforehand, is poured 
into the flask through the funnel tube. The hydrogen, which is at 
first evolved slowly, but afterwards more rapidly, is allowed to 
pass through the apparatus until all the air has been expelled. 
The gas is then ignited at the jet, and the tube strongly heated in 
several places by separate powerful burners. 
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This preliminary experiment is to decide whether the substances 
employed—-the zinc and the sulphuric acid—are absolutely free from 
arsenic. If either contains even traces of arsenic, this substance 
is always converted by the nascent hydrogen into arseniuretted 
hydrogen. This latter gas, even when mixed with a large excess 
of hydrogen, is decomposed when heated to redness in the tube 
into arsenic and hydrogen, and the former is deposited as a brilliant 
black ring or mirror on the cooler parts of the tube just beyond 
the portions heated. 

Should the stream of gas be rapid, small quantities of arseniu- 
retted hydrogen may remain undecomposed, but are at once de- 
tected by pressing a cold white porcelain dish on the jet of burning 
gas. If arsenic is present, that part of the porcelain dish in 
contact with the flame becomes covered with a black stain of 
arsenic. 

If after ten minutes of continued heating no trace of a mirror 
is formed in the tube, and the porcelain dish when pressed down in 
the flame remains perfectly white, it is absolutely certain that both 
the zinc and the sulphuric acid contain no arsenic. 

The dilute sulphuric acid solution which is to be tested for 
arsenic is now gradually poured into the Woulffe’s bottle, while the 
tube is continuously heated in several places and the jet at the end 
kept ignited. The rate at which the gas is evolved is to be regu- 
lated by pouring in acid or by placing the bottle in cold water : it 
was for this purpose previously placed in an empty basin. The 
rapidity of the stream of gas is known by the height of the flame at 
the jet ; it should be regulated until the flame is about three centi- 
metres (one inch) high. If arsenic is present, as many of the 
mirrors as possible, both in the tube and on porcelain dishes, 
should be prepared in order to prove by further experiments that 
they really consist of arsenic. And when cold the glass tube is 
afterwards cut up into as many pieces as it contains mirrors, 

Even with all the precautions which have just been enumerated, 
there is still a possibility of error. The oxides of antimony, like 
those of arsenic, are also reduced by nascent hydrogen, producing 
gaseous antimoniuretted hydrogen, which, like the arsenic com- 
pound, is decomposed at ared heat into its constituents—antimony 
and hydrogen. If, therefore, the suspected liquid contains no 
arsenic but antimony, mirrors of antimony are obtained in the 
Marsh’s apparatus which can scarcely be distinguished by the naked 
eye from those of arsenic. 
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And when it is remembered that in cases of suspected poison- 
ing an emetic is nearlyalways given to remove the poison as quickly 
as possible from the stomach, and that one of the most powerfully 
acting of these substances is tartar emetic (a compound of tartaric 
acid, potassium, and antimony), it will be at once seen that on 
treating the contents of the stomach by the above process, mirrors 
of antimony may be obtained indistinguishable from those of 
arsenic without further experiments. 

To be quite sure that the mirrors (if obtained) are arsenic and 
not antimony, the following experiments may be tried :— 

1. One of the pieces of glass tube containing a mirror is im- 
mersed in a freshly prepared solution of sodium hypochlorite. If 
the mirror is of arsenic it disappears almost immediately, while if of 
antimony it remains unchanged in the liquid for more than twenty- 
four bours. 

2. A second piece of tubing containing a mirror is inclined at 
an angle and gently heated. Both antimony and arsenic are thus 
oxidized, the former to antimony tetroxide, the latter to arsenious 
anhydride, which are deposited on the upper and cooler parts of 
the tube. Both these white deposits dissolve readily in a drop of 
warm hydrochloric acid, but on dipping them into sulphuretted 
hydrogen water, the antimony gives an orange-coloured precipi- 
tate of antimonous sulphide, while the corresponding sulphide of 
arsenic obtained in the same way is bright yellow. 

3. The mirrors obtained by depressing a piece of cold porcelain 
on a Jet ofthe burning gas are treated with yellow ammonium sul- 
phide (containing dissolved sulphur). Both arsenic and antimony 
dissolve (the latter more quickly), and so produce compounds of am- 
monium sulphide with arsenic and antimony sulphides respectively. 
If, then, both are evaporated to dryness, yellow arsenic sulphide is 
produced from the former and orange antimony sulphide from the 
latter. The orange antimony sulphide is at once dissolved by a 
few drops of warm hydrochloric acid, but the yellow arsenic sul- 
phide remains unchanged. 

Such investigations to discover the presence or absence of 
arsenic are not of themselves difficult. But they require great 
care and experience on the part ofthe chemist ; he must be abso- 
lutely certain (i.) that small quantities of arsenic have not escaped 
him, (ii.) that arsenic was not contained in the reagents or vessels 
employed and so have been found when not really present in the 
original substance ; and, finally, that antimony has not been mis- 
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taken for arsenic. In criminal cases, where his decision may bea 
question of life or death, the investigations should be conducted 
with even greater care, and only chemists of long experience should 
be employed. 

Among the minor precautions which must be remembered and 
attended to in such investigations are the following. 

Pure diluted sulphuric acid and pure zinc evolve pure hydrogen 
without a trace of sulphuretted hydrogen, even when the liquid be- 
comes heated. But if concentrated sulphuric acid is added by a 
funnel tube to a mixture of zinc and water, the hydrogen is found 
to be mixed with sulphuretted hydrogen, the latter gas being pro- 
duced by the action of the nascent hydrogen upon the sulphurous 
anhydride formed under these circumstances (p. 160). Ifarsenious 
acid is present in this liquid it isat once converted into arsenious 
sulphide, upon which nascent hydrogen has no action. 

If, therefore, concentrated acid is poured intothe Marsh’s appa- 
ratus—e.g. to accelerate the evolution of gas—and the solution to 
be tested for arsenic then added, even if the latter substance were 
present, no mirror or only a minute one of arsenic would be pro- 
duced, because the arsenic would remain behind in the flask as 
arsenious sulphide. 

For the same reason granulated zinc which has lain in the 
laboratory for some time and of which the surface has become 
covered with a thin coating should first be digested with dilute 
sulphuricacid and washed. This coating is not always simply zinc 
oxide, but may contain zinc sulphide, which would produce sul- 
phuretted hydrogen in the Marsh’s apparatus and lead to the forma- 
tion of arsenious sulphide. ö 

Since sulphurous acid, in acid solutions, is reduced by nascent 
hydrogen to sulphuretted hydrogen, care must be taken that the 
liquid before introduction into the Marsh’s apparatus is perfectly 
free from this substance. A mere trace of sulphurous acid would 
form arsenious sulphide, and so be a source of error. 

If the liquid to be tested contains organic matter suspended or 
dissolved when introduced into the Marsh’s apparatus, it might 
be volatilized or particles of it might be carried over mechanically 
by the stream of gas, and become carbonized at the heated portions 
of the tube. A dark lustrous deposit of carbon might thus be 
produced similar to the arsenic mirror. It is, for this reason, 
absolutely necessary to remove the whole of the organic matter 
by treating the original substance with hydrochloric acid and 
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potassium chlorate, and by acting on the sulphuretted hydrogen 
precipitate with concentrated sulphuric acid. 

In some cases the dried substance might be at once charred 
with concentrated sulphuric acid to destroy organic matter, without 
first acting upon it with hydrochloric acid and potassium chlorate. 
This, however, is only permissible when the substance is free from 
common salt or other metallic chlorides. In such cases hydro- 
chloric acid is formed, which unites with the arsenious anhydride 
to form volatile arsenious chloride, and this passes away with the 
vapours, and is lost. And as the organs of the human body nearly 
all contain common salt, this charring wıth sulphuric acid is in- 
admissible. 

It is of course of the utmost importance to test the various 
substances employed in the investigation for arsenic. The sul- 
phuric acid, zinc, hydrochloric acid, potassium chlorate, the nitric 
acid or nitre and even the filter papers and water must all be 
previously brought into the Marsh’s apparatus for this purpose. 
It is also better in all important (criminal) cases to employ exclu- 
sively new vessels and apparatus which have never previously been 
used for chemical purposes. 

A further complication arises whenthe substance to be tested 
for arsenic contains antimony. Mirrors are then produced in the 
Marsh’s apparatus, but no definite result can be obtained, espe- 
cially when only relatively small quantities of arsenic are present. 
If the mirror does not apparently dissolve when dipped into a 
solution of sodium hypochlorite, it does not follow that arsenic is 
absent. 

We owe to Fresenius a very simple and exact method of de- 
tecting arsenic in presence of much larger quantities of antimony. 
This method depends upon the fact that arsenic is easily volatilized 
at a low red heat, but antimony only at a much higher temperature, 
and that the sulphides of both metals are easily reduced when 
heated with potassium cyanide, which is then converted into potas- 
sium sulphocyanate. The practical details are as follows. 

The substance to be tested for arsenic is treated as described 
above, except that finallythe antimony and arsenic are precipitated 
as sulphides by a continued stream of sulphuretted hydrogen, and 
the sulphides washed and dried. The dried sulphides are then 
rapidly mixed in a warım mortar with about four times as much of 
a mixture of ı part of potassium cyanide and 3 parts of dry sodium 
carbonate. This mixture is introduced quickly (to avoid abstraction 
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of moisture from the air) into a short piece of glass tubing open at 
both ends and this slipped into a piece of combustion tube drawn 
out at oneend. A carbonic acid apparatus is connected with this 
tube as shown in fig. 51. 

. As soonasall the airis expelled the stream of carbonic acid is so 
regulated that it only passes quite slowly. Various positions of the 
narrow portion arenow heated to low redness, and then the mixture 
of the two sulphides, with sodium carbonate and potassium cyanide. 























































































































Fig. st. 


Both sulphides are thus reduced to arsenic and antimony respec- 
tively. The latter remains with the mixture, while the former is 
volatilized and deposited beyond the heated portions of the narrow 
tube as ordinary arsenic mirrors which exhibit all the properties of 
this element. At the same time a small quantity of arsenic is 
carried over with the carbonic acid, imparting to the gas issuing 
from the end of the tube the well-known intense garlic odour of 
arsenic. 





ARSENIC ANHYDRIDE: As,O,, and ARSENIC 
ACID: AsO-(OH),. 


On the combustion of arsenic in oxygen, the lower oxide, arse- 
nious anhydride, and not the higher, arsenic anhydride, is always 
produced, because the latter compound is decomposed at the tem- 
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perature of combustion of arsenic into arsenious anhydride and 
oxygen. We have already seen (p. 156) that for the same reason 
sulphur always burns to sulphurous anhydride and not to sulphuric 
anhydride. The oxidation can, however, be readily effected in 
what is called the wet way by nitric acid, which easily gives up 
oxygen to many substances. 

When arsenious anhydride is heated with nitric acid large 
quantities of red fumes consisting of nitric peroxide and nitrous 
anhydride are evolved ; and if the strongly acid liquid is evapo- 
rated down to a syrup in order to expel the excess of nitric acid, 
erystals of arsenic acid united with water: 2AsO(OH),+H,O, 
separate out on cooling in rhombic plates. These crystals are 
very deliquescent ; they melt at 100° and lose their water of crystal- 
lization, leaving pure arsenic acid. 

Arsenic acid so obtained is a strong acid, and, like ordinary 
phosphoric acid, ıs tribasic. It also loses water when heated to 
about 180°, forming tetrabasic dyroarsenic acid : O IAsolont At 
a higher temperature, about 200°, a further quantity of water is 
given off and the acid becomes monobasic melarsenic acid: 
AsO,-OH, which, finally, ata low red heat is converted into arsenic 
anhydride: As „O,, thus :— 

2As0,-OH - H,O = As,0, = 0!A50; 
5 a . (AsO, 

The anhydride is a white amorphous substance, only difficultly 
soluble in water, but which is gradually converted into ordinary 
tribasic arsenic acid when allowed to stand for some time in contact 
with water. At temperatures above a red heat arsenic anhydride 
breaks up into arsenious anhydride and oxygen. 

Even at ordinary temperatures arsenic acid in solution readily 
gives up oxygen to many substances, as, for example, sulphuretted 
hydrogen, sulphurous anhydride, stannous chloride, &c., and is 
reduced to arsenious acid. Nascent hydrogen evolved in acid 
liquids reduces arsenic acid, as well as arsenious acid, to arseniu- 
retted hydrogen. In consequence of the readiness with which 
arsenic acid parts with oxygen, it is largely employed in the arts— 
principally to oxidize aniline, and to convert it into the brilliant 
aniline colour known as magenta or fuchsine. 

Common or tribasic arsenic acid yields, like common phos- 
_ phoric acid, three series of salts—the normal, monacid, and 
diacid salts. The two former are mostly insoluble, or difficultly 
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soluble, in water. Normal silver arsenate : AsO(OAg),, is thrown 
down as a chocolate-coloured precipitate on mixing solutions of 
the sodium salt and silver nitrate. It is easily soluble in nitric 
acid, and is at once distinguished from yellow silver arsenite 
by its colour. The monacid sodium arsenate corresponding to 
common sodium phosphate has the composition :— hr 

((ONa), j 


AsO [Om 8 t22%0, 


and, like the phosphate, is obtained in fine clear crystals when its 
solution is slowly evaporated. 

Arsenic acid, like phosphoric acid, also produces a yellow 
erystalline precipitate with a nitric acid solution of ammonium 
molybdate. And the compound of arsenic acid corresponding to 
ammonium-magnesium phosphate (p. 218), of the composition : 

0,M 
AsO!OR M, 
ammonia, and is therefore used for the quantitative determination 
of arsenic. 

Arsenic acid, like arsenious acid, is precipitated as a yellow 
sulphide by sulphuretted hydrogen. This precipitation is not, 
however, produced at once, as is the case with arsenious acid, but 
only after some time, and then consists not ofarsenic pentasulphide 
but of a mixture of the trisulphide and sulphur. By warming the 
solution, which assists the reduction of the arsenic acid to arse- 
nious acid, the precipitation may be accelerated. Arsenic acid is 
poisonous, but, notwithstanding its much greater solubility in 
water, is far less so than arsenious acid. 


.. 


is, like the phosphate, insoluble in water containing 


COMPOUNDS OF ARSENIC WITH THE HALOGENS. 


Arsenic, like phosphorus, combines directly with the halogens, 
but of these compounds only those are known which contain triad 
arsenic. Compounds containing one atom ofarsenic united with 
five atoms of chlorine, bromine, or iodine have not yet been pre- 
pared. 
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Arsenious Chloride: AsCl,, is a colourless, volatile, oily 
liquid, boiling at 130°, and with a specific gravity of 22. It is 
easily decomposed by water into hydrochloric and arsenious acids, 
and is therefore very poisonous. Its vapour density is 6'3, corre- 
sponding to the molecular weight represented by the formula: 
AsCl, 

Arsenious chloride is produced by acting upon arsenic with 
dry chlorine, or better, by heating an intimate and dry mixture of 
4 parts arsenious anhydride and 7 parts common salt with an 
excess of concentrated sulphuric acid in a retort provided with 
a receiver :— 


As,0, + 6NaCl + 6S0,(OH), = 
TOR 

2 pe ke 7 ” 

2AsCl, + 650, \ONa * 3H,O 
The arsenious chloride then distils over, and acid sodium sulphate 
remains behind. The water, which is produced at the same time, 
is retained by the excess of sulphuric acid. 

A simpler and better method of preparation consists in heating 

a mixture of powdered arsenic (I part) with dry mercuric chloride 
(10% parts) in a retort. The mercuric chloride then parts with one 
half of its chlorine, and is converted into mercurous chloride :— 


2As + 6HgCl, = 2AsCl, + 3Hg,Cl, 


The chloride is purified by redistillation ; it often possesses a 
violet colour. 


Arsenious Bromide : AsBr,, is also produced by the direct 
union of its elements, best by dissolving the dry bromine in per- 
fectly dry carbon disulphide and then adding small quantities of 
powdered arsenic. By slow evaporation of the clear liquid poured 
off froın the excess of arsenic in a current of dry air, arsenious 
bromide crystallizes out. It deliquesces when exposed to the air, 
and is easily decomposed by water, like the chloride, into hydro- 
bromic and arsenious acids. 


Arsenious Iodide : Äsl,, is prepared in a similar manner to 
that employed for the bromide, and crystallizes on evaporation of 
the solvent as brilliant red tablets. This compound is soluble in 
alcohol, and may be erystallized from its solution in this liquid. 
It is dissolved unchanged by cold water, but. if the salution is 


248 Text-Book of Inorganic Chemistry. 






warmed decomposition ensues with formation of hydriodic and 
arsenious acids. Arsenious iodide is employed in medicine as a 
remedy for cancer. 


Arsenious Fluoride: AsF,, is produced as a colourless liquid 
by distilling equal parts of finely powdered fluor-spar and arsenious 
anhydride, with five parts concentrated sulphuric acid. It boils 
at 60° and fumes strongly in the air. Water first dissolves it, 
but decomposition into hydrofluoric and arsenious acids soon | 
occurs. 





COMPOUNDS OF ARSENIC AND SULPHUR. 


We are acquainted with three compounds of arsenic and 
sulphur—viz., a disulphide: As,S,; a trisulphide: As,S,; and a 
pentasulphide : As,S, ; of which the two former occur in nature. 


Arsenic Disulphide : As,S,. This compound is found in nature 
as fine red rhombic prisms as the mineral vea/gar. It may also be 
prepared from its constituents by heating a mixture of arsenic and 
sulphur in the proper proportions, or by heating a mixture of 
arsenious anhydride and sufficient sulphur, sulphurous anhydride 
being then evolved. It is insoluble in water, and is first decom- 
posed and then dissolved by alkaline sulphides. 

The substance which occurs in trade as a red vitreous mass 
under the name of realgar, ruby-sulphur, red arsenic glass, and 
which is used to some extent as a pigment, is not pure arsenic 
disulphide. It is prepared by distilling a mixture of arsenical 
pyrites (FeAsS) with common pyrites (FeS,), and contains arsenic 
trisulphide, arsenious anhydride, or even free arsenic. This crude 
disulphide is employed for the manufacture of the so-called Bengal 
fire. Amixture of 24 partsnitre, 7 parts sulphur, and 2 parts ruby- 
sulphur burns with a penetrating white Iıght when ignited. 

The corresponding oxide, of the composition : AsO or As,O,, has 
not yet been prepared. 


Arsenic Trisulphide (Arsenious Sulphide): As,S,, occurs 
in nature as yellow rhombic prisms and is then called or/r- 
ment. Artificially it is prepared by heating together arsenic and 
sulphur in the proper proportions, or by passing a stream of sul- 
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phuretted hydrogen though an aqueous solution of arsenious 
acid, in the presence of hydrochloric acid. In the latter case the 
trisulphide is obtained on drying as a pale yellow, amorphous 
powder. 

Arsenic trisulphide melts when heated to form a red liquid, 
which solidifies to a red semi-transparent glass. It is more trans- 
parent and gives a lighter coloured powder than the disulphide. 
Water and hydrochloric acid do not dissolve it, nitric acid oxidizes 
it to arsenic acid and sulphuric acid; it is also converted into 
arsenic acid by concentrated sulphuric acid, sulphurous anhydride 
being then set free. When mixed with potassium cyanide and 
heated ina glass tube it is reduced to arsenic, which sublimes, while 
the sulphur unites with the potassium cyanide forming potassium 
sulphocyanate, thus :—— 


3KCy + AsS, = 2As + 3KCyS. 


Arsenic trisulphide unites with basic sulphides to form sulpho- 
salts. The majority cfthese compounds are insoluble in water, 
but those containing the alkaline sulphides are soluble. It is at 
once dissolved by a cold solution of an alkaline sulphide, from 
which solution hydrochloric acid again precipitates the whole of 
the arsenic trisulphide. The potassium salt has the composition, 
AsS-SK, and its decomposition by dilute acids is shown in the 
following equation :— 


2AsS-SK + z2HCl = 2KCl + AsS, + H,S. 


On mixing a solution of potassium sulpharsenite with solutions 
of silver, copper, or lead nitrate, a precipitate, usually coloured, of 


- the corresponding silver, copper, or lead compound is produced, 


thus :— 
AsS-SK + NO,0Ag = NO, OK + AsS-SAg. 


Caustic alkalies and even the alkaline carbonates also dissolve 
arsenic trisulphide, producing a mixture of an arsenite with a sulph- 
arsenite. With caustic potash, for example, the reaction is as 
follows :— 


2As, Ss, + 4KOH = AsO-OK + 34AsS-SK + 2H,0. 
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Arsenic Pentasulphide (Arsenic Sulphide): As,S,, is a yel- 
low powder closely resembling the trisulphide in external properties, 
but which does not occur in nature. It might be supposed that 
sulphuretted hydrogen when led into a solution of arsenic acid 
would give a precipitate of arsenic pentasulphide, but this is not 
confirmed by experiment. The gas may be led into the acıd liquid 
for a considerable time without producing any precipitate or even 
turbidity. Only after some time a yellow precipitate is gradually 
produced, which is not the pentasulphide, but a mixture of the tri- 
sulphide with free sulphur. That this is really the case may be 
proved by digesting the dried precipitate with carbon disulphide, ° 
which dissolves out the free sulphur, while yellow arsenic trisul- 
phide remains behind. R 

Arsenic pentasulphide is best prepared by saturating a solution 
of potassium arsenate with sulphuretted hydrogen, and then decom- 
posing the potassium sulpharsenate, so obtained, with dilute hydro- 
chloric acid. The following equations represent the process:— 


(.) AsO(OR), + 4H,S = AsS(SK), + 4H,O. 
Potassium Potassium 
ar-enate sulpharsenate 

(i.) 2AsS(SK), + 6HCI = Ass, + 6KCI + 3H,S. 


Arsenic pentasulphide combines with other sulphides and forms 
the sulpharsenates, corresponding to the above potassium com- 
pound. 





ANTIMONY, 
Atomic Weight: 120.— Chemical Symbol: Sb. 


Antimony very seldom occurs free in nature, but is usually found 
combined with sulphur. Its commonest form is the trisulphide 
(Sb,S,)—the mineral called grey antimony ore or antimonite. This 
trisulphide also occurs in nature in combination with othersulphides 
as a sulpho-acid of which the minerals chalcostibite (Cu, S,Sb,S,) 
and dark red silver ore or Pyrargyrite (3Ag,S,Sb,S,) are the com- 
monest. In combination with nickel it is ee as dreithauptile 
(NiSb), and with silver as dyscrasite (Ag,Sb). 

In its physical properties antimony so closely resembles the 
metals, especially bismuth, that it is sometimes included in this 
group of elements. Its chemical properties and the compounds 
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which it forms show, however, that it is much more closely allied 
to the nitrogen group of the non-metals. It is a lustrous crystal- 
line solid of a bluish-white colour, with a specific gravity of 67 ; 
melts at about 440°, and crystallizes on cooling in rhombohedra. 
When slowly cooled its fracture shows large crystalline lamin, but 
when quickly cooled the fracture is granular. Itis volatilized at a 
bright red heat, and may be distilled at a white heat in a stream of 
hydrogen gas. 

The antimony of commerce is obtained almost exclusively from 
the trisulphide—grey antimony ore. The ore melts at a low tem- 
perature and can thus be easily separated from earthy impurities 
accompanying it. The purified ore which forms a dark grey, 
lustrous, and crystalline mass, is then heated to redness in a cru- 
cible with 42 per cent. of wrought iron scrap. By this means 
ferrous sulphide and a regulus of antimony are obtained, and the 
latter separates better from the slag if some dried sodium sulphate 
(10 parts) and charcoal powder (3 parts) are added before heating. 
These two substances form carbonie oxide and sodium sulphide, 
the latter then uniting with the ferrous sulphide to form an easily 
fusible slag. 

Another method of extracting antimony consists in roasting the 
ore in a reverbatory furnace and then reducing the antimony oxide 
so formed with charcoal and sodium carbonate. 

Antimony so prepared is never pure ; it usually contains lead, 
iron, and copper, and nearly always traces of arsenic, from which it 
must be completely purified before it can be employed for pharma- 
ceutical preparations, such as tartar emetic, antimony chloride and 
oxide. 

Crude antimony is purified by fusing 16 parts of it with 2 parts 
of dry sodium carbonate and ı part of antimony trisulphide in 
a Hessian crucible for one hour. The regulus so obtained is 
then again fused for the same length of time with 13 parts of 
sodium carbonate, and finally a third time with ı part of sodium 
carbonate anda little nitre. The arsenic which was not converted 
in the first fusion into sodium sulpharsenite is oxidized to potas- 
sium arsenate by the nitre, leaving the antimony then free from 
arsenic. 

Antimony remains unaltered when exposed to dry air. When 
small quantities are heated on charcoal before the blowpipe to 
above its boiling-point antimony burns, forming white fumes of 
antimonous oxide which are partly deposited on thecharcoal. If the 
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fused metal is then allowed to cool it becomes covered with a net- 
work of transparent crystals of the oxide. 

Powdered antimony burns brilliantly in chlorine gas, forming 
one of its chlorides. It also unites directly with sulphur. 

Hydrochloric or dilute sulphuric acid have no action on anti- 
mony ; nitricacid easily oxidizes it to one of the oxides of antimony, 
forming a white powder insoluble both in water and nitric acid. 
Aqua regia alone dissolves it, producing either the tri- or penta- 
chloride. Both these chlorides dissolve in hydrochloric acid, but 
are precipitated by water as oxychlorides. Tartaric acid prevents 
the precipitation of these oxychlorides. 

Antimony is used for many other purposes besides the prepara- 
tion of useful medicines. It enters into the composition of some 
important alloys, such as Zyße-metal (antimony, lead, and tin) and 
Dritannia-metal (antimony, tin, and zinc). 





ANTIMONIURETTED HYDROGEN (Stibine). 
Composition : SbH,. 


This gaseous compound very closely resembles the correspond- 
ing arseniuretted hydrogen, but is less poisonous. Antimoniuretted 
hydrogen is prepared, in the same way as the arsenic compound, 
from an alloy of antimony and zinc, or better, by acting upon a 
compound of antimony and potassium with dilute sulphuric or 
hydrochlorice acid. It is, further, always produced when nascent 
hydrogen comes into contact with a soluble antimony compound in 
an acid solution. 

Antimoniuretted hydrogen is a colourless gas without odour, is 
decomposed at a low red heat, and burns in the air with a greenish 
flame, forming antimonous oxideand water. A piece of cold white 
porcelain depressed on this flame receives a black stain of free 
antimony. We have already described how this antimony stain 
may be distinguished from a corresponding one of arsenic (p. 241). 
It may be mentioned that when antimoniuretted hydrogen is passed 
into a solution of silver nitrate a black precipitate of a compound 
of silver and antimony is formed, while arseniuretted hydrogen 
under the same conditions precipitates metallic silver and the 
arsenic becomes oxidized to arsenious acid. a 
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COMPOUNDS OF ANTIMONY AND OXYGEN. 


Two compounds of antimony and oxygen are known, resem- 
bling in composition the two oxides of arsenic—viz. antimony tri- 
oxide, or antimonous anhydride (Sb,O,), corresponding to arsenious 
anhydride (As,O,), and antimonic,anhydride (Sb,O,), corresponding 
to arsenic anhydride (As,O,). Besides these, a third compound 
also exists, having the composition : Sb,O,, which may, however, 
be considered as a compound of the other two, thus: Sb,O,, 
Sb,O, or (SbO,)O(SbO). 

The general chemical affinities of antimony are considerably 
weaker than those of arsenic, and antimony trioxide is in fact more 
ofa base than an acid, but is so weak a base that its compounds 
with acids are immediately decomposed by water. 


ANTIMONY TRIOXIDE. 
Composition : Sb,O, or (SbO),O. 


This compound occurs in nature in two distinct crystalline 
forms. Firstly, as rhombic prisms in the mineral velentinite, and 
secondly, in regular octahedra as senarmontile. Both forms may 
be obtained by burning antimony in the air and condensing the 
white vapours on a cold body. Both are isomorphous with the two 
forms in which arsenious anhydride crystallizes, and the two sub- 
Stances are therefore said to be Zzsodimorphous. 

In the wet way antimony trioxide may be obtained by acting 
upon finely powdered antimony with dilute nitric acid, or by pre- 
Cipitating a solution of antimony trichloride with water and washing 
the white oxychloride with sodium carbonate, when white insoluble 
antimony trioxide remains behind. 

The dried oxide becomes yellow when heated but is again 
colourless when cold ; when more strongly heated it melts, and at 
still higher temperatures it sublimes, taking up oxygen from the 
air and becoming converted into antimony tetroxide. 

Antimony trioxide is insoluble in nitric acid and in dilute 
sulphuric acid, but is dissolved by hydrochloric acid, concentrated 
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sulphuric acid,' or tartaric acid, as well as by acid potassium tar- 
trate. In the last case a soluble crystalline compound is formed, 
called /artar emetic—potassium antimony tartrate. 

With strong bases antimony trioxide behaves as an acid. It 
dissolves, for example, in strong caustic soda, and the solution on 
cooling deposits crystals of sodium antimonite, of the composition : 
SbO-ONa + 3H,0. In most of its compounds the trioxide takes 
the form of the monad radical : SbO. 

The compound obtained on precipitating antimony trichloride 
with sodium carbonate is not antimony carbonate but simply the 
hydrated trioxide, which loses its water on boiling. Antimony tri- 
oxide is too weak a base to combine with carbonic acid. 





ANTIMONIC ANHYDRIDE. (Antimony 
Pentoxide.) 


Composition : Sb,O, or (SbO,),O. 


Antimonic anhydride, obtained by gently heating either of the 
antimonic acids, is a bright yellow powder insoluble in water, and 
which when strongly heated does not melt but decomposes into 
antimony tetroxide and free oxygen. 

Corresponding to this compound are two antimonic acids, one 
monobasic and one tetrabasic. 


Antimonic Acid: SbO,-OH +H,O, is a white powder, which, 
though scarcely soluble in water, reddens litmus paper. It may be 
obtained by acting on powdered antimony with aqua regia contain- 
ing an excess of nitric acid, or by heating the metal for a long time 
with strong nitric acid. On heating a mixture of powdered anti- 
mony with four times its weight of nitre a deflagration takes place 
and the saline mass, when afterwards extracted with luke-warm 
water, leaves a white powder of potassium antimonate : SbO,-OK, 
This compound is only slightly soluble in cold water and can only 
be slowly dissolved by continued boiling. If the solution so 
obtained is then evaporated, the salt remains behind as a gummy 


1 From the solution of antimony trioxide in concentrated sulphuric acid the 
salt, antimonous sulphate: (SOs); Os Sba, in which the oxide is a base, crystal- 


lizes out. This salt is decomposed by water into free sulphuric acid and basic 


sulphates.—ED, 
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mass. Nitric acid decomposes it, giving a white precipitate of 
antimonic acid. 

This form of antimonic acid is soluble in concentrated hydro- 
chloric acid, and easily soluble in caustic potash, but it is not dis- 
solved by ammonia. Its salts, even those of the alkalies, are 
mostly insoluble or difficultiy soluble in water and are easily de- 
composed even by weak acids. 


(SbO(OH), 
\SbO(OH), 

This tetrabasic acid resembles the preceding monobasic acid 
in its external properties ; it is, however, more solublein waterand 
acids and in ammonia. It is formed when antimony pentachloride 
is decomposed by water :— 


2SbC, + 7H,O = H,Sb,0, + 10HCI, 


or by acting on a metantimonate with hydrochloric acid. In both 
cases it separates as an amorphous precipitate. In combina- 
tion with potassium it may be easily obtained by fusing ammo- 
nium or potassium antimonate with three times its weight of 
caustic potash. The saline mass is then dissolved in water and 
evaporated down, when potassium metantimonate separates out 
as deliquescent crystals on cooling. A small quantity of cold 
water decomposes this—the normal salt—into free alkali and the 
diacid compound (H,K,Sb,O,+6H,0) which remains behind as 
a granular mass. Hydrochloric acid separates metantimonic acid 
from both salts. 

Metantimonic acid possesses the remarkable property of form- 
ing a compound with soda insoluble in water. If a solution of 
sodium chloride or of any other sodium salt is added to the above- 
named solution of potassium metantimonate, containing free alkali, 
a white precipitate of sodium metantimonate is formed. On 
account of this reaction potassium metantimonate is sometimes 
used as a reagent for sodium compounds. It is not, however, much 
employed for this purpose, as the solution of the potassium salt 
gradually changes into the ordinary antimonate, which does not 
produce an insoluble salt with sodium compounds. 


Metantimonic Acid:' H,Sb,O,.=0O 


1 By analogy with the acids of phosphorus, this acid should be called 
Pyrantimonic acid and the preceding compound metantimonic acid. The 
names given above are, however, those in general use among chemists.—ED, 


ki 
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Antimony Tetroxide: Sb,O, = (SbO,)O(SbO), is a white 
powder which becomes yellow when heated, but neither melts nor 
sublimes. It is formed when either antimony trioxide or antimonic 
anhydride is heated to redness in the air, the former compound 
then taking up oxygen and the latter losing it. When fused with 
caustic potash or potassium carbonate, a mixture of potassium 
antimonite and potassium antimonate is formed. 


COMPOUNDS OF ANTIMONY WITH THE 
HALOGENS. 


The haloid compounds of antimony correspond to those of 
phosphorus. Two chlorides are known—viz. the tri- and penta- 
chlorides—both of which, like the chlorides of phösphorus, are de- 
composed by water into hydrochloric acid and the corresponding 
oxygen compounds. An antimony compound corresponding to 
phosphoric oxychloride with the composition SbOCI, has not yet 
been prepared, but a similar compound of triad antimony--anti- 
monous oxychloride : SbOCI—is known. 


Antimony Trichloride (Antimonous Chloride): SbC],. 


This compound, sometimes called öu/fer of antimony from its 
consistency, is a soft white, crystalline solid, which melts at 73°, 
boils at 223°, and deliquesces in moist air. 

It may be prepared by heating an excess of finely powdered 
antimony in chlorine gas, or by distilling an imtimate mixture of 
ı part of powdered antimony with 3 parts of mercuric chloride. 
The usual method of preparation is to dissolve antimony trisulphide 
in strong hydrochloric acid, evaporate the solution to drive off the 
water and excess of acid, and then to distil the residue. As soon 
as the distillate begins to solidify the receiver is changed, and by 
again distilling those portions which come over last, the compound 
is obtained pure. 

Antimony trichloride unites with some metallic chlorides to 
form crystalline double chlorides—e.g. sodium antimony chloride:: 
3NaCl,SbCl,. It dissolves in hydrochloric acid or in a small 
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quantity of water; the addition of a large quantity of water to 
either solution produces a white precipitate of antimony oxy- 
chloride (algaroth powder). Tartaric acid prevents this precipi- 
tation. 

Algaroth powder is a white amorphous substance insoluble in 
water. It contains antimony, oxygen, and chlorine, but has no 
definite composition. By boiling with water it gives up some 
chlorine, and when boiled with sodium carbonate is converted into 
antimonous acid. 


Antimony Pentachloride (Antimonic Chloride) : SbCl,. 


Unlike phosphorus pentachloride, the antimony compound is 
not a solid substance, but a pale yellow liquid, fuming in the air. 
When distilled it undergoes partia! decomposition into chlorine and 
antimony trichlorice, and does not, therefore, possess any constant 
boiling point. 

Antimony pentachloride is obtained either by saturating the tri- 
chleride with chlorine, or by passing a rapid stream of chlorine 
over heated antimony. It attracts moisture from the air, and then 
solidifies to a crystalline mass. In a small quantity of water it 
dissolvestoa clear solution, which, on standing over sulphuric acid, 
deposits crystals of a hydrate having the composition SbCl, + 
4H,O. Excess of water precipitates metantimonic acid, but tartaric 
acid prevents the precipitation. If, however, its acid solution is 
mixed at once with a large quantity of water, the liquid remains 
clear. 

The two atoms of chlorine which antimony pentachloride con- 
tains in excess of the trichloride are only feebly united, and it is 
therefore well adapted for imparting chlorine to many substances 
—.e.g. carbonie oxide, ethylene, and other organic compounds. 
With dry sulphuretted hydrogen the pentachloride is converted 
into hydrochloricacid and anxzimony sulphochloride, SbSCl,, a white 
erystalline, easily fusible substance. 


Antimony Tribromide : SbBr,, which may be obtained by the 
direct union of its constituents, is a solid crystalline mass, melting 
at 93°, boiling at 280°, and subliming in colourless needles. The 
_ pentabromide has not yet been prepared. 
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Antimony Triiodide : Sbl,, sublimes in large red crystals, 
which become darker when füused. 





SULPHUR COMPOUNDS OF ANTIMONY. 


Two of these compounds are known—viz. the trisulphide and 
the pentasulphide. They correspond in composition to the two 
oxides, and closely resemble one another both in their external and 
in theirchemical properties. Both are insoluble in water, and both 
unite wıth strong bases to form sulphosalts. 


Antimony Trisulpride (Antimonous Sulphide): Sb,S,, 
occurs in nature as the mineral grey antimony ore, stibnite, or 
antimonite, and is the chief source of antimony and its compounds. 
It is found cerystallized in long rhombic prisms or in fibrous crystal- 
line masses of a dark grey colour with a metallic lustre. It easily 
fuses and re-solidifies to a crystalline mass, forming the crude im- 
pure sulphide of commerce (p. 251). 

It may be artificially prepared by fusing together antimony and 
sulphur, and repeating the process several times with addition of 
sulphur, or by precipitating an acid solution of antimony trichloride 
with sulphuretted hydrogen. The trisulphide prepared in the 
wet way is an amorphous orange-coloured substance, which when 
fused and resolidified closely resembles the ordinary sulphide. 

Antimony trisulphide is converted by nitric acid into insoluble 
antimony trioxide or antimonic acid, while the sulphur partly 
separates in the free state and is partly oxidized to sulphuric acid. 
Hydrochloric acid easily dissolves it, forming antimony trichloride, 
with liberation of sulphuretted hydrogen. It combines easily 
with potassium or sodium sulphide to form a soluble sulphanti- 
monite, from which hydrochloric acid again precipitates the orange 
coloured trisulphide. Caustic soda also dissolves it, and the 
solution then contains sodium antimonite as well as sodium sulph- 
antimonite :— 


2Sb,S, + 4Na0OH = 35bS-SNa + SbO-ONa + 2H,O. 
Sodium Sodium 
sulphantimonite antimonite 
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Not only caustic soda but also sodium carbonate dissolves 
antimony trisulphide, and especially the orange-coloured, amor- 
phous variety. The colourless solution when boiled with an excess 
of the trisulphide takes up still more of it, the greater portion of 
which is again deposited on cooling. This precipitate is not the 
pure sulphide, but contains varying quantities of sodium antimonite 
and antimony trioxide, and was previously used in medicine under 
the name of kermes mineral, or simply kermes. Ammonium car- 
bonate does not dissolve antimony trisulphide, a property which 
serves to distinguish it from the trisulphide of arsenic. 

If antimony trisulphide is heated (roasted) in the air, a por- 
tion is converted into sulphurous anhydride and antimony trioxide, 
the latter substance then combining with the undecomposed tri- 
sulphide to form a brownish vitreous, semi-transparent mass. 
This mixture of the trioxide and trisulphide, prepared in this and 
other ways, was formerly used in medicine and for the preparation 
of other antimony compounds under the names anfimony glass, 
crocus antimonil, &c. It is now only employed for imparting a 
yellow colour to glass and porcelain. 


Antimony Pentasulphide: Sb,S., sometimes called ‘the golden 
sulphide,’ is a dark orange-coloured powder, and may be obtained 
by passing sulphuretted hydrogen throush an acid solution of 
antimonic acid. It is, however, usually prepared by precipitating 
a solution of sodium sulphantimonate (Schlippe’s salt) with dilute 
hydrochloric acid. 

Antimony pentasulphide forms with alkaline sulphides a series 
of salts corresponding to a tribasic sulphantimonic acid. The 
best known and most stable of these is the sodium compound : 
SbS-(SNa), + 9H,O, which is easily soluble in water, and from 
which it crystallizes in colourless tetrahedra. This salt, called 
Schlippe's salt, after its discoverer, is easily formed by boiling an 
aqueous solution of sodium sulphide with antimony trisulphide, and 
sufficient sulphur to convert it into the pentasulphide. Instead of 
'sodium sulphide, caustic soda and sulphur may be used, which on 

 boiling yield sodium sulphide and sodium thiosulphate, or, instead 
of caustic soda, sodium carbonate and slaked-lime. To prepare the 
compound 9 parts of crystallized sodium carbonate are boiled with 
3 parts of slaked-lime, 3 parts of antimony trisulphide, ı part of sul- 
'Phur, and sufficient water. The hot liquid is rapidly filtered off from 
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the calcium carbonate and evaporated down until the salt eryS- 
tallizes out. The crystal so obtained must be preserved in well- 
stoppered bottles, as the carbonic anhydride of the air decomposes 
them, forming sodium carbonate, sulphuretted hydrogen, and anti- 
mony sulphide. This causes the colourless, or, at most, pale yellow 
erystals to become gradually covered with an amorphous brown- 
coloured crust. 

The potassium compound has a similar composition ; aqueous 
solutions of these salts give with most other metallic salts inso- 
luble precipitates of corresponding sulphantimonates. - The copper 
compound, for example, has the composition : (SbS), (S,Cu),. 





BORON. 


Chemical Symbol: B.— Atomic Weight: 11. 


Boron, like phosphorus, is only found in inorganic nature in 
combination with oxygen, either as the free compound—boric acid, 
or united with bases as various borates. The most important 
minerals containing boron are—sassolite (boric acid): B(OH),. 


/9 


finkal or native borax: Na,B,O,+ 10H,O, boracite : 2Mg,B,O „+ 


MgCl,, boronatro-calcite (calcium and sodium borates), and datolite 


(calcium borate and silicate). 

Boron can be easily prepared from anhydrous fused boric acid. 
This substance is coarsely powdered, mixed with small pieces of 
sodium (6 parts of sodium to 1o parts of boric acid), thrown 
into an iron crucible which has been previously heated to bright 
redness, and then covered with 5 parts of well-dried common 
salt. As soon as the reaction in the closed crucible is over its 
contents are stirred with an iron rod and poured, while sti!l fluid 
and red-hot, into dilute hydrochloric acid, in which everything 
dissolves except the boron which has been set free by the sodium. 
The residue is brought on a filter, washed, first with dilute hydro- 
chloric acid, then with cold water, and dried at the ordinary tem- 
perature on a porous slab, or over sulphuric acid. 

Boron obtained in this way is an amorphous olive-green powder, 
tasteless, and without odour, and a non-conductor of electricity. 
It is extremely infusible. Water, even atits boiling point, does not 
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attack it; nor isit acted upon by hydrochloric acid. It is exidized, 
_ however, to boric acid by nitric acid, aqua regia, or concentrated 
sulphuric acid, as wellas when heatedin steam or when fused with 
causticsoda. When heated in the air it burns easily, producing 
boric anhydride; in oxygen it burns with a brilliant light of a 
greenish colour. Italso burns in chlorine, producing boron tri- 
chloride! Boron unites readily with nitrogen ; when heated in this 
gas to redness it forms a very stable nitride. 

Boron can also be obtained in a crystalline form by dissolving 
amorphous boron in fused aluminium. Amorphous boron is 
stamped tightly in a Hessian crucible, and a hole made in the 
middle, in which is placed a rod of aluminium. After the crucible 
has been closed, it is placed inside a second large crucible, and 
the space between them filled up with powdered charcoal ; the lid 
of the exterior crucible is then cemented with clay, and the whole 
heated to bright redness for two hours. On cooling, the surface of 
the aluminium is found covered with crystals of boron. The 
aluminium is dissolved by dilute hydrochloric acid, and the crys- 
talline boron then remains, partly as dark brown translucent, 
and partly as transparent yellowish cerystals of specific gravity 
=2'6, mixed with thin, opaque, six-sided, tabular crystals of a 
compound of aluminium and boron, which may be easily removed 
by washing. 

Another kind of crystalline boron distinguished by its great 
hardness is obtained by strongly heating a mixture of boric anhy- 
dride and aluminium in a carbon crucible, air being excluded as 
much as possible. These crystals, which approach the diamond in 
brillliancy and hardness, are not, however, pure boron, but contain 
4 per cent. of carbon and 67 per cent. of aluminium. 

No practical use has yet been discovered for boron. A com- 
pound of boron with hydrogen is unknown, and in general the 
number of the boron compounds is small. By far the most impor- 
tant compound is boric acid, in which, as in all other compounds, 
boron plays the part of a triad element. 
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BORIC ANHYDRIDE: B,O, and BORIC ACID: B(OH),. 


Boric acid crystallizes in colourless lustrous tablets, with a 
faint acid taste. It is soluble in water, especially when warm, and 
also dissolves in alcohol. One part of boric acid dissolves in three 
parts of water at 100°, but requires twenty-five parts at 19°. A hot 
saturated solution deposits therefore nearly all the boric acid on 
cooling. The aqueous solution possesses both a faint acid and an 
alkaline reaction ; it reddens blue litmus paper, and at the same 
time turns yellow türmeric paper brown. 

Boric acid occurs in such large quantities free in nature that, 
until quite recently, other naturally occurring boron compounds 
have been but little used for the preparation of the acid and its 
salts. In some parts of Tuscany jets of steam (called szfioni, or 
Jumaroli) issue from the ground, which then condense to form 
bogs or marshes (/agoons). This steam carries with it small quan- 
tities of boric acid, and although the condensed water rarely con- 
tains more than „; per cent. of the compound, many hundred- 
weights of boric acid are annually prepared from this source. 

The places where these jets of steam issue from the earth, or 
where they have been artificially produced by boring, are built 
round so as to form a large basin, which is then filled with water. 
The water is soon raised to boiling by the condensed steam, from 
which it abstracts the boric acid. After a certain time the water 
is allowed to flow into a second somewhat lower basin where it re- 
ceives fresh quantities of boric acid, while the first basin is again 
filled with fresh water. When the water has, in this way, passed 
through four or more basins, from each of which it has received 
boric acid so that it contains about one per cent., the suspended 
impurities are allowed to settle and the liquid evaporated down to 
crystallize. For this purpose it is run into shallow pans heated 
from beneath by other similar jets of steam. And in this way the 
use of fuel, which it is difficult to procure in the district, is entirely 
avoided. The boric acid which separates out on cooling the solu- 
tion. when sufficiently concentrated, is contaminated with various 
impurities, especially with ammonium and calcium sulphates. It 
is purified by recrystallization. 

Similar steam-springs containing boric acid are also met with 
in other volcanic districts, for example in the Lipari Islands. 
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IRecently considerable quantities of boric acid have been dis- 
«covered in California, whence most of the American acid is now 
ı derived. 

Several hypotheses have been proposed to explain the occurrence 

«of boric acid in these hot springs ; it is most probable that the acid 

iis produced by the action of steam on boron nitride, which is then 

ı decomposed into boric acid and ammonia. Ammonium com- 
pounds are always present in the hot springs. 

The extraction of boric acid from native borax (tinkal) and from 
other boron minerals, especially boronatro-calcite and borocalcite, 
consists simply in decomposing them with hot hydrochloric acid 
and purifying the boric acid which separates out on cooling by re- 
cerystallization. 

Although boric acid is only slightly volatile even at high teın- 
peratures, we have seen that it passes off with the steam when its 
aqueous solution is boiled. Even when its alcoholic solution is 
'boiled considerable quantities are carried off with the alcohol 
vapour, which then burns with a bright green flame when ignited. 
"This colour is, however, only imparted to the flame of the burning 
alcohol by free boric acid, not by its salts. Alcohol, if poured on 
sodium borate or any other salt of boric acid and ignited, burns 
with a yellow flame ; but the addition of a drop of concentrated 
sulphuric acid sets the boric acid free, and the flame changes at 
once toa bright green. 

When heated to 100° ordinary boric acid: B(OH),, loses water 
and changes into mezaboric acid, a white powder ofthe composition : 
BO-OH ; by heating to 150°—160° in a stream of dry air a further 
quantity of water is lost and an acid of the composition : H,B,O,, 
Pyroboric acid, remains. Heated still more strongly, boric acid 
froths up, and at red-heat melts to a clear viscid liquid, consisting 
of boric anhydride, which solidifies t0 a hard transparent brittle 

glass. On standing in the air, boric anhydride gradually becomes 
_ opaque owing to the absorption of water, for which it possesses 
_ considerable attraction. 
h Boric acid is a weak acid, as is shown by its behaviour with 
 Mitmus and turmeric. It combines easily with the alkalies to form 
salts soluble in water; the other borates are difficultly soluble in 
water, but easily soluble in acids. 

The constitution of the borates is usually somewhat complex. 
Compounds are known of the ordinary tri-basic acid, B(OH),, par- 
ticularly organic salts, in which the three hydrogen atoms are dis- 
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placed by compound radicals. Salts have also been prepared from 
the mono-basic metaboric acid : BO-OH, in which the one atom of 
hydrogen is displaced by an atom of a monad metal. Most of the 
borates, including the commonest—sodium borate or borax—have, 
however, a more complex composition, and correspond to the di- 
basic pyroboric acid, H,B,O,—e.g. Na,B,O,, and CaB,O.. 

The constitution of these pyroborates may be represented in 
various ways. Formerly it was considered that borax, which may 
be taken as representing this class, was a double compound of 
sodium metaborate with boric anhydride : 2BO-ONa+B,O,. A 
more probable formula is : O |B' 9: es or, possibly, a portion 
of the boron may be present as N and a portion as base; but 
until our knowledge is further advanced no constitutional ‚formula 
can be given with certainty. 

Boric acid, like all weak acids, can unite with strong acids, and 
forms compounds with sulphuric and phosphoric anhydrides having 
the respective composition: B,O,SO, and B,O,„P,O,, in which — 
the boric acid plays the part of a base. 

The chief use of boric acid is for the preparation of borax. It 
is an excellent antiseptic, and has been considerably used for this 
purpose in recent years. Whether, however, large quantities of 
boric acid can be taken into the system without injurious effects 
remains as yet doubtful. 


g 
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OTHER COMPOUNDS OF BORON. 


Boron Trichloride : BCl, — This compound is produced when 
boron is heated in gaseous chlorine, or by strongly glowing an 
intimate mixture of boric anhydride and charcoal in a porcelain 
tube through which a stream of dry chlorine is passed. The 
reaction which then goes on is expressed by the following equa- 
tion :— 

B;0, # 3C° + sCh = 2BCl, .+ 3C0. 


The gaseous products are led through a U-tube surrounded by 
a freezing wixture, in which the boron trichloride condenses to 
form a colourless liquid, boiling at 17°, and having a specific gravity 


Other Compounds of Boron. 265 







cof 1735. This liquid fumes strongly in the air, and is rapidly de- 
‘composed by water ınto boric and hydrochloric acids. Boron 
ttrichloride unites with ammonia to form a solid white crystalline 
“compound of the composition: 2BC1,3NH,. This compound, 
when heated, sublimes, and is decomposed at once by water into 
I boric acid, hydrochloric acid, and ammonium chloride. 


Boron Tribromide : BBr,, is a colourless liquid, boiling at 90°, 
‘and wit similar properties to the chloride. 


Boron Trifuoride: BF,.—This body, unlike the two other 
corresponding compounds, is a colourless gas, and can only be 
condensed to a liquid with difficulty. It possesses a piercing 
‚suffocating odour, fumes strongly in the air, and on account of 
its strong attraction for water, chars many organic substances like 
concentrated sulphuric acid. It is extremely soluble in water, one 
volume of this liquid dissolving 700 to 1,000 volumes of the gas. 
The gas may be obtained by heating an intimate mixture of ı part 
of boric anhydride (or 2 parts of anhydrous borax) with 2 parts of 
fluor-spar and ı2 parts of concentrated sulphuric acid in a glass 
flask. The change which then takes place is as follows :— 


B,O, + 3CaF, + 350,(OH), = 350,-0,Ca + 2BF, + 3H,O. 


The large excess of sulphuric acid is required to absorb the 
_ water produced in the reaction. Boron trifluoride may also be 
_ prepared from boric anhydride and fluor-spar without sulphuric 
acid if a mixture of these two substances is heated to bright red- 
ness in an iron tube, the calcium then remaining behind as calcium 
borate :— 

2B,0,., #.:3CaF, Fe 2BE, + ‚B/O;Ca), 


On evaporating an aqueous solution of the fluoride, boric acid 
_ separates out, and a monobasic acid remains, of the composition : 
HBF, or HF,BF,—/fuoboric acid—which may be considered as 
‚a double compound of hydrofluoric acid and boric fluoride. The 
same substance is also more easily obtained by dissolving boric 
‚acid in hydrofluoric acid. 
Fluoboric acid cannot, however, be obtained in the pure state. 
If the aqueous solution is concentrated by evaporation, hydro- 
fluoric acid is evolved. Its salts, having the general composition : 
M’BF, (where M’ is a monad metal), are mostly soluble in water, 
the most insoluble being the potassium compound : KBF,. On 


266 Text-Book of Inorganic Chemistry. 





mixing aqueous fluoboric acid with a solution of a potassium- 
compound, a gelatinous precipitate of potassium fluoborate is 
formed, which becomes a white powder when dried. From a hot 
saturated solution in water, the salt separates out on cooling in 
brilliant crystals. 


Boron Sulphide : B,S,, is a white, vitreous solid, of piercing 
odour, which can be fused in a stream of hydrogen. It is pro- 
duced by heating amorphous boron in sulphur vapour or in sul- 
phuretted hydrogen, and then condenses in a well-cooled receiver. 
Water easily decomposes it into boric acid and sulphuretted 
hydrogen. 


Boron Nitride: BN.—Boron is one of the few elements that 
unite directly with nitrogen. The nitride is formed when amor- 
phous boron is heated in a stream of nitrogen or ammonia, also 
when a mixture of boric anhydride and charcoal is strongly heated 
in astream of nitrogen, or by glowing a mixture of dried borax and 
ammonium chloride. By digesting the residue obtained in the last 
method with dilute hydrochloric acid, the nitride remains as a 
white amorphous powder. Boron nitride is a stable compound, 
and remains unchanged when boiled with water or when glowed 
in the air or in hydrogen. It is, however, decomposed into boric 
acid and ammonia when heated to low redness in a current of 
steam ; the same change is produced by fusion with caustic potash. 





SILICON. 


Chemical Symbol: Si.— Atomic Weight: 23. 


Silicon occurs most abundantly and is widely distributed in 
nature, but never in the free state. It is always found, like phos- 
phorus and boron, united with oxygen. Its only oxide, silica, is known 
both free and in combination with bases as innumerable minerals. 
Considering the wide distribution and great variety of the silicates, 
it may be asserted that silicon plays the same part in inorganic as 
carbon does in organic nature. Both are tetrad elements in almost 
all their compounds. 
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Silicon may be separated from silica by potassium, but the 
decomposition is always incomplete, and the product therefore 
limpure. Itis better to employ a compound of silicon fluoride with 
ppotassium or sodium fluoride—potassium or sodium fluosilicate : 
IK,SiF,— which can be readily obtained in the pure state. A 
rmixture of one of these salts with sodium chloride and metallic 
ssodium cut into small pieces is thrown into a red-hot iron crucible, 
wwhich is then closed and kept for a short time at a low red heat. 
:After cooling, the contents of the crucible are boiled with dilute 
!hydrochloric acid. By this process fluorine is abstracted by the 
:sodium from the double fluoride and silicon set free. 

Amorphous silicon prepared in this way isa dark brown powder, 
iinsoluble in water and in nitric or sulphuric acid. Aqueous hydro- 
tfluoric acid dissolves it with evolution of hydrogen, and it also de- 
“composes strong caustic potash, forming potassium silicate. Heated 
iin the air it burns easily with a bright light, to form silica ; the com- 
| bustion, however, is only incomplete, as the silica is fused by thehigh 
! temperature, and so protects a portion of the silicon from the air. 
"When heated in a stream of hydrochloric acid gas this form of silicon 
takes up three atoms of chlorineand one of hydrogen, and becomes 
ı converted into the substance called silicochloroform : SIHCI, (see 
 sequel). If amorphous silicon is strongly heated in a crucible out 
ı of access of air, it contracts considerably, becomes of a chocolate 

brown colour, and now no longer catches fire when heated in the 
air. It has also lost its property of dissolving in hydrofluoric acid 
or in caustic potash after this treatment. 

Silicon may be prepared in the crystalline form by fusing 
aluminium with thirty times as much sodium fluosilicate. The 
black residue which remains is then treated first with concentrated 
hydrochloric acid to remove the aluminium, and then with hydro- 
fluoric acid. Another and simpler method of preparing crystalline 
Silicon consists in throwing a mixture of three parts of potassium 

_ fluosilicate, one part of sodium in small pieces, and one part of 
j granulated zinc, into a red-hot Hessian crucible, and then heating 
_ for some time to such a temperature that the zinc remains fused, 
but is not volatilized. The zinc regulus, which contains the silicon, 
is afterwards removed from the crucible, thoroughly boiled with 
water to remove the slag, and then the zinc dissolved out with 
hydrochloric acid. 

Crystalline silicon prepared in either of these ways consists 
either of opaque, lustrous tablets of a dark grey colour, resembling 
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graphite, or else of brilliant prismatic crystals of an iron grey 
colour and considerable hardness. The specific gravity of this 
modification of silicon is 2°5 ; it is a conductor of electricity, and 
remains unaltered when heated in the air, but melts at high tem- 
peratures. It is neitherattacked by nitric nor by hydrofluoric acid, 
but dissolves when heated with strong caustic potash, with evolu- 
tion of hydrogen, and burns in chlorine to silicon tetrachloride. 


COMPOUNDS.ORF SELICON. 


Silicon unites directly with oxygen and with the halogens to 
‚form compounds, in which it exists as a tetrad element. An oxide 
of silicon corresponding to carbonic oxide, with the composition : 
SiO, has not yet been prepared. Ötherwise its compounds are 
similar to those of carbon, although the similarity is more in their 
composition than in their properties. The following pairs of com- 
pounds correspond to one another :— | 


Silica ‘ r . SiO, Carbonic acid . . . COM 
Silicon hydride ; . SIH, Methane (marsh-gas) . CH, | 
Silicon tetrachloride . SiCl, Carbon tetrachloride .. CCH 
Silicon hexachloride . Si,Cl, Carbon hexachloride . HC 
Silicon sulphide . . SiS, Carbon sulphide . . CS 
Silicochloroform . SiIHCI, Chloroform . f CHCI# 
Silicoiodoform . . SIHI, lodoform. 5 i : CH 
Silicoxalic acid [Si0-OH  Oxalic acid 905 


\SiO-OH 7100.03 


SILICA (SILICIC ANHYDRIDE): SiO,, 
and SILICEIE ACID. 


Silicon forms only one oxide—silicic anhydride—or, as it is 
briefly called, silica. This united in varying proportions with water 
forms different varieties of silicic acid. 

Free silica occurs in nature both crystalline and amorphous. 
In the crystalline form chiefly as gwariz or rock crystal, in SIX- 


A Al 
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ssided prisms bounded at the ends by similar pyramids, and belong- 
iing therefore to the hexagonal system. Quartz in its purest form 
iis transparent and colourless, but is frequently coloured brownish or 
ıviolet—in the former case it is known as smoRy-guartz, in the latter 
as amethyst. Ordinary sand consists of particles of silica, which 
"when united together by some cementing substance constitute the 
ı different varieties of sandstone. Quartz is also contained in the 
‘free state in many important rocks —granite, for example, is made 
up of separate crystals of quartz, felspar, and mica. The specific 
gravity of this form of silica is 2°65. 

Crystalline silica is also found in some rocks in minute crystals 
belonging to the rhombic system, and has a specific gravity of 231, 
or lower than that of quartz. This variety, which is called Zrzdy- 
mite, appears to be the most stable form of silica ata red-heat, as 
both quartz and amorphous silica pass into it when strongly heated. 

Besides these two crystalline forms, silica is also found in nature, 
usually in combination with water, in the amorphous state. The 
minerals agate, chalcedony, opal, Jasper, flint, consist of amorphous 
silica mixed to some extent with the crystalline modification. 
Some of these—e.g. opal—are ofattractive colours and are used as 
jewels. Agate and chalcedony are celebrated for their extreme 
hardness, and are highly valued for the manufacture of mortars. 
The szlzceous sinter, deposited during the evaporation of the water 

from siliceous springs, and the so-called zufusorial earth, or the in- 

_ organic remains of certain infusoria, consist essentially of amor- 
phous silica. This infusorial earth— Aese/guhr of the Germans— 
occurs largely in certain localities in North Germany asa light, 
extremely fine powder, mostly of a yellow colour. It is used for 
many technical purposes, especially for mixing with nitro-glycerine 
to form dynamite. 

Silica is likewise found in the animal and vegetable kingdoms. 
The glassy coating of the stems of certain grasses and other allied 
plants, cereals, rushes, and especially of the Equisetaceae (horse- 
tails) consist essentially of silica. The ashes of the feathers of many 
birds contain as much as 40 per cent. of silica. 

Much more widely distributed in the mineral kingdom than 

silica are its compounds with various bases, called silicates, and of 
which the greater part of the solid crust of the earth consists. 
Among these the different felspars, double silicates of aluminium 
and potassium or sodium, together with the clays, schists, &c., 

_ produced from them, take the first place. 
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The properties of the various modifications of silica differ i 
many respects. All are insoluble in water and in nitric, hydro- 
chloric, or sulphuric acid, as well as in aqua regia, but dissolve in 
hydrofluoric acid, and possess in general none of the properties o 
an acid. They remain unchanged at the highest temperatures of 
our furnaces, but melt in the oxy-hydrogen flame and form a clear 
transparent glass on cooling. The quartz modification is very 
hard—it easily scratches glass—but the amorphous form is much 
softer. The specific gravity of the former is 2°65, that of the latter 
2'20 ; the specific gravity of both changing to 2:31 when strongly 
glowed, owing to the conversion into tridymite. Crystalline silica 
is scarcely attacked even by boiling aqueous caustic potash 
or soda, but when fused with an excess of either of these 
substances in the solid form, or with their carbonates, silicates 
soluble in water are produced (water-glass). Amorphous silica is 
dissolved more or less readily by aqueous alkalies ; infusorial earth 
is very readily dissolved. 

If a concentrated aqueous solution of an alkaline silicate pre- 
pared by either of the above-mentioned methods is mixed with 
hydrochloric acid, the silicic acid separates out as a gelatinous 
mass, and the whole liquid becomes so viscid that the vessel may 
be inverted without anything running out. This silicic acid is 
soluble in water, especiälly in the presence of hydrochloric acid, 
for if the solution of the silicate is sufficiently dilute, hydrochloric 
acid produces no precipitate. It is this silicie acid which is con- 
tained in the water of siliceous springs, and which is deposited as 
siliceous sinter on evaporation. 

Pure amorphous silica, as a light, finely divided powder, may be 
easily obtained by the decomposition of silicon fluoride with water 
(P- 275). 

If this gelatinous soluble silicic acid is evaporated to complete 
dryness on a water-bath, it loses its water, and there remains 
amorphous silica, which is no longer soluble in water or hydro- 
chloric acid, but which easily dissolves on warming in aqueous 
caustic soda or in sodium carbonate. When heated to redness it 
is no longer soluble in aqueous alkalies, and can now only be con- 
verted into soluble water-glass by fusion with caustic alkalıes or 
alkaline carbonates. 

Corresponding to these differences in solubility of the various 
forms of silica are differences in the readiness with which the 
various silicates are decomposed. Those which are poor in silica, 
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tespecially those containing water (the zeolites), when finely divided, 
are decomposed by hydrochloric acid. Those, on the other hand, 
which contain more silica—e.g. the felspars—withstand the action 
of strong hydrochloric acid, and can be only brought into solution 
|by treatment with hydrofluoric acid or by fusion with sodiun 
 (potassium) carbonate in a platinum crucible. In the latter case 
‚an alkaline silicate soluble in water is produced, and the bases 
which were previously united with the silica—e.g. lime, alumina, 
iron—are converted either into carbonates or into oxides soluble in 
acids. The fused cold mass is now digested with water and 
hydrochlorice acid added to slight excess, when a clear solu- 
tion is obtained as soon as the carbonic acid has been expelled 
by warming. Ifthe quantity of water used was small, the solution 
will contain gelatinous flocks of silicic acid. The liquid is next 
evaporated to complete dryness, and best heated for a short time 
to about 120°, to render the silica completely insoluble, afterwards 
moistened with strong hydrochloric acid to bring into solution any 
oxychlorides which might have been formed during evaporation 
(e.g. of iron or aluminium), and finally extracted with hot water. 
In this way everything goes into solution except the silica, 
which can be easily separated by filtration, washed and weighed, 
while the bases in the filtrate can be estimated by any known 
method. 


It is difficult to obtain a sz/iezc acid of definite composition. If 
the gelatinous hydrate is dried vver concentrated sulphuric acid, a 
transparent vitreous mass is obtained, of which the composition is 
approximately represented by the formula : SIO(OH),—z.e. adibasic 
acid corresponding to the hypothetical sulphurous acid. Tetra- 
basic silicic acid of the composition : Si(OH), has not yet been pre- 
pared. We know, however, from the composition of numerous 
silicates that salts of both these acids exist, as well as compounds 

(SIO-OH 
\SiO-OH 

To the salts of the dibasic acid may possibly belong ıhe mineral 
wollastonite: SiO-O,Ca, to those of the tetrabasic acid, od/wvine : 
Si(O,Mg),. And a combination of the dibasic and tetrabasic acids 


may represent serpenline : s (O,Mg),- 


Similarly, those silicates containing three atoms of silicon—the 
trisilicates—may be considered as compounds of two of these acids 


ofa dibasic disilicic acid ofthe possible formula : ©: 


ji 
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united together. Orihoclase (potash felspar : KAISi,O,) woul 
thus be a compound of dibasic silicic acid and disilicie acid :— 

(SiO- O) 
01 sio- 0,al 

KO) 

SEE | 
and Zrehmite: Al,Ca,Si,O,, a compound of tetrabasie silicic acid 
and of a hexabasic disilicic acid of the hypothetical constitution ; 


10) [Stone its formula would become :— 
3 
(Si) 
1: 1(O,Al), 
o1sillosAl)s 
'5j)(0,Ca), 


It must, however, be distinctly understood that these formula 
are not the symbolic expression of established facts, but only re- 
present an attempt to give a simple explanation of the very various 
and often complex composition of the silicates. The chemical 
constitution of these compounds cannot be deduced simply from 
the results of analysis, but require extended researches similar | 
to those which are necessary to establish the constitution of any | 
chemical compound. | 

{ 





SILICON HYDRIDE. 
Composition: SiH,. 


This compound is a colourless combustible gas, insoluble (or 
nearly so) in water. It may be obtained by acting upon magne- 
sium silicide with dilute hydrochloric acid :— 


SiMg, + 4HCI = 2MgCl, + SiH, 


This magnesium silicide (SiMg,) is prepared by throwing a 
mixture of 8 parts of anhydrous magnesium chloride, 7 parts 
of sodium fluosilicate, 2 parts of sodium chloride, and 4 parts 
of sodium in small pieces into a red-hot Hessian crucible, which 
is at once closed. The crude compound thus obtained always 
contains free magnesium, whence it follows that the silicon 
hydride prepared from it is always mixed with free hydrogen. In 
this state silicon hydride catches fire spontaneously in the äir, 
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"burning with a luminous flame to form silica and water. Ifaclean 
porcelain dish is depressed on the flame, brown amorphous silicon 
is deposited on it. Excluded from the air and heated to faint 
redness, the gas decomposes, like arsine and stibine, into amorphous 
silicon and free hydrogen. 

The Zrre compound may be prepared by acting on an organic 
silicon compound of the composition : SIH(OC,H,),, with sodium. 
Four molecules of this compound are decomposed under the 
influence of the sodium, which remains itself unchanged, into 
cone molecule of sılicon hydride and three of the compound: 
!Si(OC,H,), :— 
4ASIH(OG,H,), = SIE, + 3SK0C,.H,); 


Silicon hydride burns easily in chlorine, producing hydrochloric 
id and silicon tetrachloride. With caustic potash, it gives a 
'silicate of potassium and free hydrogen :— 


SIHk, + 2KOH + H,O = SiO(OR), + 4H. 





SILICON TETRACHLORIDE. 
Composition : SiCl.. 


This, the best known chloride of silicon, is a colourless mobile 
liquid of 152 specific gravity and boiling at 58%. It fumes in the 
Air, and is energetically decomposed by water into hydrochloric 
and silicic acids. 

Silicon tetrachloride is obtained when amorphous silicon is 
R in a stream of chlorine gas, ormore readily by strongly heat- 
1 ng an intimate mixture of silica and carbon in the same gas. A 
‚stiff dough is made of finely divided silica, powdered wood-char- 
coal, and starch paste, which is then formed into balls. These are 
allowed to dry in the air, and then heated to bright redness 
bedded in charcoal powder. The porous mixture of silica and 
rbon so obtained is introduced while still hot into a dry porcelain 
ube, which can be heated to bright redness in a tube-furnace, 
ile a current of dry chlorine passes throush it. The reaction is 
pressed by the equation :— 


SsiOo, + 2C + 2Cl, = SiCh + 2CO, 
The other end of the tube communicates air-tight with a 
T 
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U-tube placed in a freezing mixture in which the silicon tetra- 
chloride condenses, while the carbonic oxide and excess of chlorin 
are carried away to the open air. At the bottom of the U-tube is 
a small vertical tube (provided with a glass stopcock), throug 
which the silicon tetrachloride can be drawn off into bottles o 
sealed tubes. 


The corresponding szlzcon telrabromide, SiBr,, and the zeZrio- 
dide, Sil, are prepared in exactly the same way as the chloride, 
The bromide is a colourless liquid, boiling at 153° and solidifyin 
to a crystalline mass at — 12°, The iodide is a crystalline solid, 
boiling at about 290°. 

Silicon Hexachloride : Si,Cl,,—Besides the abnve-mentioned 
tetrachloride of silicon, a second compound—silicon hexachloride; } 
Si,Cl,—is also known. This is also a colourless liquid, but hasa 
specific gravity of 1'58, boils at 145°, and solidifies at about 0. 
It is obtained by heating silicon in the vapour of silicon tetra- 
chloride or by heating a mixture of silicon tri-iodide and mercurie 
chloride. At 350° it decomposes into the tetrachloride and free | 
silicon, and this decomposition increases up to 800°. But at about 
1,020° the hexachloride is again stable—z.e. silicon and the tetra- 
chloride again uniteto form the hexachloride. Water decomposes it 
into hydrochloric acid and disilicic or silico-oxalic acid 1810.08 

The corresponding sz/icon hexiodide is a crystalline solid, ob- 
tained by heating the tetriodide with finely divided silver. Silver 
iodide is then formed with the hexiodide. 


SILICON FLUORIDE. 
Composition : SIF .. 


This substance is a colourless gas, fuming strongly in the air, 
and with a suffocating odour. Its specific gravity is 3'6, and it is 
at once decomposed by water with separation of gelatinous silicic 
acid. Itis produced when hydrofluoric acid acts upon silica in the 
presence of de-hydrating substances. 

For its preparation a mixture of powdered fluor-spar and fine 
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dry sand, the latter in considerable excess (about equal parts), is 
heated in a thick glass flask with a large excess of concentrated 
sulphuric acid, so that a thin liquid of the consistency of cream is 
produced. Silicon fluoride is then evolved, according to the equa- 
tion :— 

8SiO, + 2CaF, + 2SO,(OH), = SiF, + 2SO,(O,Ca) + 2H,O, 
ıwhile the water produced at the same time is absorbed by the 
eexcess of sulphurice acid. If the quantity of sand employed in the 


«experiment is insufficient, the glass flask is strongly attacked by 
tthe hydrofluoric acid, and may be completely eaten through. 


FLUOSILICIC ACID. 
Composition : H,SiF,. 


This dibasic acid, which may be considered asa double fluoride 
«of silicon and hydrogen, is produced by the union of silicon fluoride 
‘ with nascent hydrofluoric acid. These conditions are fulfilled when 
‘ silicon fluoride comes into contact with water. Decomposition 
“then occurs according to the equation :— 

SiF, + 3H,0O = SIiO(OH), + 4HF. 

Or, 

SiF, + 4H,O = Si(OH), + 4HF. 

The silicic acid separates as a gelatinous mass, and the hydro- 
fluoric acid unites at once with another portion of silicon fluoride, 
_forming fluosilicic acid, which remains in solution and can after- 
' wards be separated by filtration. "The whole reaction may, there- 
_fore, be thus represented :— 

4 3SiF, + 3H,0 = SiO(OH), + 2H,SiF,, 

} or, 

3SiF, + 4H,O = Si(OH), = 2H,SıE, 


i The glass tube leading the silicon fluoride into the water, even 
i “when wide, becomes easily stopped up by the deposited silicic acid, 
and so an explosion might be produced. In order to avoid such 
an occurrence a little mercury is placed at the bottom of the vessel 
in which the luosilicic acid is to be produced. The tube from the 
ask ev olvingthe silicon fluoride is made to dip under this mercury, 
T2 
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and the vessel then filled up with water. The decomposition 
the silicon fluoride then only commences above the level of th 
mercury. The danger of an explosion may also be avoided by 
connecting the end of the delivery tube with the neck of a glas 
funnel, and dipping the large open end in the water, so that th 
gas comes at once into contact with a large surface of water. 

The aqueous fluosilicic acid, when separated from the silicic 
acid by filtration, is a strongly acid colourless liquid. It may be 
concentrated up to a certain point by evaporation at the ordinary 
temperature of the air. But if this limit is exceeded, or if the 
liquid is heated, it decomposes into silicon fluoride and hydro- 
fluoric acid, both of which volatilize. On heating, therefore, a 
solution of fluosilicic acid in a platinum basin, ultimately nothing 
remains. 

By neutralizing fluosilicic acid with bases or carbonates, its 
salts—the fluosilicates—are obtained, having the general composi- 
tion: R’,SiF,, where R’ is one atom of a monad metal. These 
salts are mostly soluble in water, except the barium compound: 
BaSiF,, and those of potassium and sodium. As the strontium, 
salt is easily soluble in water, fluosilicic acid has been used as a 
means of separating barium and strontium. 


In concluding this account of the compounds of silicon, brief 
reference may be made to certain substances which are of interest 
on account of analogy with similar compounds of carbon usuallv 
included under the head of organic chemistry (compare p. 268). In 
lack of suitable names for these compounds they are usually called 
after the corresponding carbon compounds ; thus the body corre- 
sponding to chloroform (CHCI,) is called silico-chloroform. 


Silico-chloroform : SIHCI,, is produced when amorphous 
silicon is heated in a stream of dry hydrochlorie acid gas. At the 
same time a small quantity of theless volatile tetrachloride is also: 
produced, which can be separated by fractional distillation. This 
compound is a colourless inflammable liquid, fuming in the air, with 
a specific gravity of 1-65 and boiling at 36°. Chlorine converts it into“ 
silicontetrachloride and hydrochloricacid,and water, even at Q°, into 


hydrochloric acid and a compound of the composition : Si,H,O,, 


corresponding to the hypothetical formic anhydride : Ho) 0. © 


Carbon. 277 


0) 
Silico-formie Anhydride: mn ‚; Ö, produced as Just men- 


) 


tioned, is a white powder, which when heated in the air burns easily 
tosilica and water. Caustic soda easily dissolves it, with evolution 
f hydrogen, forming sodium silicate. 







Silicoxalic Acid: | SiO-OH ;, obtained as a white powder by 

\ SIO-OH 
ecomposing silicon hexachloride with water, and is dissolved by 
caustic soda to form sodium silicate. In composition it corresponds 


ıto the carbon compound, oxalic acid: [C0:0H with which, 


owever, it has no other similarity ; it does not even possess the 
[properties of an acid. 


CARBON. 
Chemical Symbol: C.— Atomic Weight : 12. 


Carbon occupies a peculiar position among the other elements. 
-Although it only combines directly with few other elements— 
“with oxygen, sulphur, hydrogen, and iron, but neither with nitrogen 
ınor the halogens—the compounds of carbon far exceed those of 
sany other element both in number and variety. All organic com- 
t pounds, including the constituents and products of all animal and 
ıvegetable organisms, as well as the numerous substances which 
ccan be artificially prepared from them, are compounds of carbon. 

Organic chemistry has been defined as the chemistry of the 
“carbon compounds, according to which a description of these sub- 
sstances should find no place in a text-book of inorganic chemistry. 
! But sharp lines of demarcation, which so completely separate sub- 
® stances from one another asto make a strict classification possible, 
@are unknown in nature. Connecting links are everywhere to be 
' found showing a gradual transition from one class of substances to 
the other. And although all organic compounds contain carbon, 
“this by no means compels us to refer all carbon compounds to 
“Organic chemistry ; many of the carbon compounds, especially 
"those of simpler composition, cannot be easily separated from the 
' Inorganic compounds of other elements. 

Carbon occurs free in nature in three modifications, as different 
ik 
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from one another in their physical properties as could be imagine 
We know it, firstly, as the diamond, crystalline, transparent, cha 
racterized by its great hardness and high index of refraction fo 
light, and a non-conductor of electricity ; secondly, as graphit 
with a dark grey colour, cerystalline, lustrous, a conductor of elec 
tricity, and extremely soft ; and, lastly, as charcoal, the chief con 
stituent of common coal, amorphous, black, not much harder than 
graphite, and a non-conductor of electricity. 

The diamond is among the rarest of substances and isthe mos 
precious of gems ; graphite is found in large quantities, but usuall 
in isolated spots ; amorphous carbon, asthe various forms of coal, 
occurs widely distributed and in immense quantities. The last- 
named variety, although by far the cheapest, is still by farthe mos 
valuableand important. It furnishesthe most important source of 
our artificial heat, light, and power, and influences not only th 
industrial, but also the entire social and political life of the civilized 
countries in which it occurs. 

Like their other physical properties, the specific gravity of the 
three modifications of carbon is very different. That of ha 
diamond is 3°5, of graphite 2°2, and of amorphous carbon 5 
to 2°0. 

Greater similarity, however, exists between the chemical pro- 
perties of the three forms. Although they burn in oxygen or air 
with different degrees of readiness, they all produce the same pro- 
ducts of combustion. Equal weights of either modification always 
produce equal weights of carbonic acid. And by the reduction of 
carbonic acid, carbon is again formed, but only amorphous carbon 
or graphite, never diamond. All attempts to prepare tne diamond 
by the reduction of carbonic acid or by any other method have, as 
yet, been unsuccessful. 

Carbon in all three forms is infusible at all temperatures, but 
volatilizes at the high temperature of the electric arc ; it is insoluble 
in any of our ordinary solvents. The only solvent at present known 
is fused iron, which, however, only dissolves ı or 2 per cent. of 
it. On cooling, most of the carbon separates out in the form of 
graphite. Should a liquid ever be discovered capable of dissolving 
carbon at not too high a temperature, the carbon might be again 
separated in the diamond form. 

As was stated above, carbon does not unite directly with nitro- 
gen nor with the halogens, and carbon compounds of these sub- 
stances can only be obtained indirectly. Even with oxygen, 
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Iphur, and hydrogen, carbon has not the slightest tendency to 
ombine, either at the ordinary temperature or at 100°. But when 
heated to redness its affınity for oxygen and sulphur gradually in- 
reases, so that ata white heat the affınity of carbon for oxygen 
and sulphur even surpasses that of phosphorus and potassium. 
(Carbon when heated to redness is, therefore, one of the most 
powerfully reducing substances known, and a very extended use 
vis made of this property in the extraction of metals from their 
ores. 
Hydrogen only unites with carbon at the extremely high tempe- 
rrature of the electric arc. When this is produced between carbon 
ıpoles in an atmosphere of hydrogen, small quantities of a com- 
]pound of the two bodies, called acetylene: C,H,, are produced. 
Under certain circumstances carbon can also unite directly with 
ınitrogen when a substance—e.g. potassium—is present with which 
! the compound of thetwo elements (cyanogen) can combine. From 
«carbon, nitrogen, and potassium carbonate we can thus obtain 
| potassium cyanide. 


The diamond is always found in alluvial deposits, which have 
been produced by the disintegration of older rock masses, and from 
which it is obtained by a process of washing. Diamond-fields, or 
districts which yield diamonds, occur especially in Brazil, India, 
and at the Cape, as well as in California, Borneo, and in the Ural 
Mountains. Diamonds have also been found in Brazil in a matrix 
of a variety of tale schist rich in quartz—termed z/acolumite, and 
distinguished by the ease with which thin strips of it may be bent. 
But whether this is the original matrix of the diamond, or whether 
the itacolumite was built up from older rock with the diamonds, 
remains as yet undecided. 


The diamond crystallizes in the regular system, and its faces 
are often curved. The crystals may be readily fractured parallel 
to the faces of the octahedron ; it is distinguished by its great 
hardness and bright lustre. Diamonds are usu: ally transparent 
and colourless, or faintly yellow. They are sometimes found of a 
bright yellow or brown colour, and sometimes even blue, green, 
and black. 

Diamonds used as jewels alw ays require cutting and polishing, 
which, on account of their great hardness, can only be done wik 
diamond dust. Small diamonds useless for other purposes— 
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diamond-boart—are crushed in a steel mortar. Notwithsta inding 
the great hardness of the diamond, it is tolerably brittle, and can 
therefore be easily reduced to powder. 

The form which the diamond receives when ground for a gem 
depends partly upon its original form, and partly upon the use to 
which it is to be put. The most valuable form is that known as the 
brilliant (fig. 52), which may be described as two cones placed base 
to base, of w jich the upper one is cut off at about half its height. 
Both pyramids are made up of a number of triangular or oblong 





Fig. 52. Fig. 53. 


faces (facets). The brilliant form is always held by its centre 
parts in the setting, so that both upper and lower pyramids are 
free. Differing from this is the Zable or rosette form (fig. 53), 
consisting ofa flat base, on which rises a circle of oblong facets, 
supporting a hexagonal pyramid. 

The value of a diamond depends partly on its size, partly on its 
transparency (water), and partly on its play of colours. The weight 
of a diamond is expressed in carats (0'205 gramme, or 3'165 grains), 
but the value of a diamond, other things being equal, is not pro- 
portional to its weight, but to the square of its weight. Thus, if 
one diamond weighs ten times as much as another, its value will 
be approximately a hundred-times as much. 

Large diamonds of 100 to 300 carats (20°5 to 61°5 grammes) are 
very rare, and are mostly crown jewels. To these belong the so- 
called Star ofthe South, found in Brazil, and weighing 127 carats, 
and the Koh-i-Noor, of 106 carats, found in India, and one of the 
English crown jewels. Of the two largest diamonds known, one 
weishs 194 carats, is of a yellowish colour, and is fixed at the end 
of the Russian sceptre ; the other, weighing 277 carats, is in the 
possession ofthe Nizam of Hyderabad. 

Of the formation ofthe diamond nothing for certain is known, 
except that it is not produced at a high temperature. Its optical 






an 
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| properties and microscopical observations seem to show that the 
ı diamond is of organic origin. All attempts to prepare diamonds 
-artificially have as yet given no certain result, although it is always 
more probable that a method might be discovered for converting 
amorphous carbon or graphite into diamond, or of preparing the 
diamond in some other way, than that the problem of the alche- 
mists—the transmutation of common metals into gold—should 
ever be solved. 

The present high price of diamonds is due to their scarcity. 
Should larger quantities of diamonds ever be discovered, or should 
it ever be possible to prepare them artificially, their value would be 
considerably diminished. 

On account of its hardness, the diamond is largely used for 
cutting hard stones, and for scratching and cutting glass. For 
simply writing on glass, a splinter of diamond is sufhcient, but if 
the glass is to be cut, a deeper scratch is required, and a natural 
convex edge ofthe diamond is necessary. 

The diamond requires a higher temperature for its combus- 
tion than amorphous carbon, but burns easily in the oxy-hydrogen 
blowpipe with excess of oxygen, or when raised to redness by a 
spiral of platinum wire connected with a galvanic battery in an 
atmosphere of oxygen. In the finely divided state the diamond 
burns readily inthe air when heated on a piece of platinum foil 
before the blowpipe. In absence of oxygen, for example, in an 
atmosphere of hydrogen, the diamond may be heated to a high 

* temperature without any appreciable change. 


Graphite, plumbago, or blacklead, occurs in nature in nodular 
or columnar masses, and occasionally in small tablets belonging to 
the hexagonal system. It is ofa dark grey colour, opaque, a good 
conductor of electricity, feels greasy to the touch, and is so soft 
that it easily marks paper. Its specific gravity varies from 2'5 to 
1:8, according as it is more or less pure. Graphite usually occurs 
in isolated spots, but often in considerable quantities. The mines 
of Cumberland and Westmoreland are the oldest, but are now 
nearly exhausted. It is also found in Passau and other parts of 
Germany and Austria, in Bohemia, Greenland, Sicily, and Ceylon, 
and, in large quantities of great purity, in California. Graphite 
may be artificially prepared by solution of carbon in molten iron, 
when it separates out on cooling. 

Finely powdered and pure graphite can be casily compressed 
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at a high temperature to a compact mass of the same sperifi 
gravity as that occurring in nature. Itis only necessary to remove 
air as much as possible by an air-pump before compressing. Thin 
plates or threads for black-lead pencils can be easily sawn from the 
blocks obtained by this process. 

Compact graphite burns almost as difficultly and sometimes 
more difficultly than the diamond. 

If finely powdered graphite is mixed with three times its weight 
of powdered potassium chlorate, and with enough concentrated 
nitric acid to make a thin paste, then heated for several days to 
60°, or placed in direct sunlight until yellow vapours are no longer 
given off, it becomes changed to a bright yellow, transparent, 
crystalline substance of the composition : C,,H,O,. By repeating 
the process several times the whole may be changed into this sub- 
stance. It is slightly soluble in water and possesses a faint acid 
reaction, dissolves readily in aqueous alkalies, and in general has 
all the properties of an acid. This peculiar acid is called gra- 
phitic acid. 

The graphite which occurs in nature is never pure, but contains 
smaller or larger quantities of inorganic constituents, which remain 
behind as ash on burning. z 

Graphite is of considerable value in the arts. It is used for the 
manufacture of black-lead pencils, and of crucibles which are to 
withstand a high temperature, and which are made of a mixture of 
powdered graphite and clay. It is further employed for polishing- 
the grains of gunpowder, for coating moulds of gutta-percha or 
plaster to make them conductors of electricity in the process of 
electrotyping, and finally for blacking iron grates and other articles 
of the same metal, which by receiving a coating of the material 
are protected to some extent from rusting. 


Amorphous carbon is produced from organic substances when 
they are heated to redness, or when they decay out of contact with 
the air. Wood charcoal may be chosen as representative of 
amorphous carbon which has been produced by the first-named 
process. As its name implies, this substance is obtained by char- 
ring wood out of contact with the air, and is prepared either by 
piling logs of wood together, covering with sods, and then slowly 
burning them, or else by heating wood or sawdust in iron retorts. 
By the first process only charcoal is obtained ; but by the second 
and more modern, various volatile products of considerable value, 
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ı such as acetic acid (pyroligneous acid), wood naphtha, creosote, &c., 
; are obtained. According to the kind of wood used the charcoal 
‘ may be more or less porous, and therefore of apparently different 
ı specific gravity. 

The different varieties of wood charcoal are employed for 
different purposes; large quantities are used for the manufacture 
of gunpowder. Charcoal is also used (largely in some countries) 
as a fuel. When heated to redness in the air, it burns without 
smoke or flame, and produces a considerably higher temperature 
than the same weight of wood. Wood charcoal is extremely 
porous, and possesses the property of absorbing considerable 
quantities of atmospheric air. Gases which are more easily lique- 
fied than common air—for example, ammonia, sulphuretted hydro- 
gen, sulphurous anhydride, and carbonic acid—are absorbed by 
charcoal in even greater quantities. It thus possesses the power 
of absorbing noxious gases from the air, and purifies or disinfects 
the aır. 

Organic substances which may be suspended or dissolved in 
drinking waterand impart a disagreeable taste or smell are removed 
when such water is shaken up with charcoal, or when the water is 
passed through a filter of powdered charcoal. The water which 
runs through such a filter is usually clear, odourless, and pleasant 
to the taste, and charcoal filters are therefore often employed to 
purify drinking water. 

Colouring matter of various kinds is easily removed from a 
liquid by amorphous charcoal—claret, for example, is easily de- 
eolorized. This property is possessed in a much higher degree by 
‘the charcoal obtained from animal substances—called animal char- 
coal—than by wood charcoal. 

Animal charcoal—known also as bone-black, animal-black, 
ivory-black, &c.—is obtained by glowing blood, bones, and other 
animal refuse, excluded from the air. It contains all the inorganic 
Substances—principally caleium phosphateand carbonate— present 
in the substances from which it was prepared. These two com- 
pounds can be readily extracted by warming the charcoal with 
hydrochloric acid, when, after washing with water, a form of amor- 
Phous carbon remains, which farexceeds wood charcoal in porosity 
and absorption power. Animal charcoal purified in this way is 
largely used for many technical purposes, especially to decolorize 
the syrup in sugar refineries. 

Wood charcoal contains less inorganic impurity than animal 
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charcoal, but is still far from being pure carbon. When burnt 
in the air it leaves behind a considerable ash, rich in potas- 
sium carbonate. Pure amorphous carbon may be obtained by 
glowing certain organic substances free from nitrogen and inorganic 
impurities. ‚Pure crystallized sugar or tartaric acid, for example, 
when glowed in a platinum basin and afterwards heated strongly 
in a covered platinum crucible, yields a very pure form of amor- 
phous carbon. 


Impure amorphous carbon is found in nature as the various 


forms of coal which have been produced by the decay of vegetable 


matter out of contact with the air, and sometimes also by elevation 
in temperature and strong pressure. All varieties contain, besides 
inorganic constituents—their ash which they leave behind on burn- 
ing—varying quantities of hydrogen, oxygen, nitrogen, and sulphur, 


which are mostly driven off when the coal is heated in closed 


vessels. The heavy form of carbon produced by charring coal in 





closed vessels is called co#e. Coke is an excellent fuel, and pro- 


duces, when freely supplied with air, a higher temperature than 
ordinary coal. It is very largely used for smelting iron and other 
ores. Coke is of a dark grey colour, lustrous, and a conductor of 
electricity. 

The different varieties of coal may be classified according as the 
charring process which they have undergone has been more or less 
complete—z.e. according to their relative proportions of carbon, 
hydrogen, and of oxygen and nitrogen. Coal is usually black in 
colour, mostly of slaty fracture and fatty lustre, and when heated 
in the air generally evolves combustible gases and therefore burns 
with a flame. 

Anthracite is the most highly carbonized form of coal. It is 
distinguished by its hardness and conchoidal fracture ; it pro- 
duces very little gas when heated, and therefore burns almost 
without flame. Anthracite is found in considerable quantities in 
South Wales and in Pennsylvania, and is highly valued as a smoke- 
less steam-coal and for metallurgical purposes. It does not soil 
the fingers like common coal. 

Bituminous coal in its varied forms comes next to anthracite in 
percentage of carbon. Allthe commoner kinds of coal belong to 
this class. It contains varying proportions of carbon and hydro- 
gen, but always more hydrogen and less carbon than anthracite. 
Bituminous coals rich in hydrogen evolve considerable quantities 
of gas when heated, and are therefore used for the manufacture of 


ö 
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A variety rich in volatile matter, and especially suited 
as making, is cannel cal, This is much more compart in 
nicture than ordinary bituminous coal, and, like anthracite, has a 
un ehoidal fracture, but its surface is dull, not bright and lustrous 
ke common coal and anthracite, 

Brown eoal or lignite is always of more recent formation than 
Birdinary cwal. It is mostiy soft and of a brown colmur, and often 
exhibits distinet traces of woody structure nor 10 be found in the 
der coals. It contains comsiderably more hydrogen, oxygen, and 
| n than ordinary coal and less carbon. 

17 Jet is a compact, black form of lignite, hard envuzh to take a 
gh polish, and largely used for ornamental articles, 

Peat or turf is produced in marshy localities by Ihe gradual 
y of grasses, mosses, and other marsh pianis. lt contains 
quantities of inorganie comstituents, and leaves a large 
unt of ash when burnt. It is of much less value as a fuel than 
any of the varieties of coal mentioned above. 

{5 The following table’ gives the approximate percentage compo- 
1 of the organic parts of wood, peat, and the different kinds of 


. 


=’ e, ’ 
ieoal, omitting the ash in all cases :— 
vG i 
{ i i Oryzen, 
L Carte Hydrugen Nütrugeri, 
i ö and Sulpkur 
Ir Ä | 
u 17 bca 4375 
ka . . Be hip» ı .< #3 378 343 
Lignit- (Bowey Trares) . { 67 >73 2537 
5 Hordxhire anal i ‚ 79°37 7 1526 
eannel cnal . ‚ #247 >% 21%% 
Bmcastle caking ana! } 2795 £’34 Kr 
| th Wales ambraite . . gı 23 > Pu? 


5 morphous carbon in a finely divided state is obtained as soot 
Hampblack, by the incomplete combustion of volatile organic 
Mpounds, rich in carbon, such as turpentine, benzol, or wood 
aining turpentine and resin. If a cold body is plared in the 

fa candle or oil-lamp, it soon becomes covered with soot 
or fir eiy divided carbon, just as arsenic is depssited from the fame 
Burning arsine. Lampblack is used in a more or less pure state 
arious purposes the finer varieties for preparing Indian ink, 
re coarse as a black paint and for printer's ink 
special processes, it always con 


uhed by 
ofhydrocarbons mixed with it. 


I From Wautss Dictionary of Chemistry. —En. 
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talns varyıng quantities 
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The gas prepared in this way carries some of the volatile acid 
with it, and should be freed from this by passing through several 
wash-bottles filled with water. 

Carbonic acid may be collected over mercury or over water, in 
which it is only slightly soluble. At the ordinary temperature N 
water dissolves about its own volume of the gas. Since, however, 
carbonic acid is considerably heavier than air, vessels are best filled 
with the gas, especially when required dry, by leading the gas m 
a long glass tube to the bottom of the vessel to be filled (fig. 54), 
The carbonic acid then gradually displaces the lighter air until 2 











a short time the whole vessel is filled with the gas. 






























































































































































Fig. 54. 





Carbonic acid has a specific gravity of 1'352, corresponding to a 
molecular weight of 1°52 x 28:88 = 44, and its molecule is therefore 
CO,. Itis thus considerably heavier than air, and diffuses from 
an open jar so slowly that it can be poured like water from one 
vessel to another. If two jars are taken, one filled with carbonic 
acid and the other with air, the carbonic acid can, with care, be 
poured almost completely from one into the other, as may be easily 
shown by introducing a burning taper. 

Carbonice acid neither burns nor supports combustion. A 
burning candle is at once extinguished in a jar of the gas; even if 
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the air only contains a small quantity of carbonic acid, a candle 
ceases to burn. Respiration in such an atmosphere is also impos- 
sible, and carbonic acid, without being actually poisonous, is fatal 
to the life of animals, because it takes the place of the oxygen 
vnecessary to aörate the blood. Death therefore ensues simply from 
suffocation. That carbonic acid is not a true poison is at once 
evident from the following considerations : we continuously inhale 
carbonic acid, largely diluted it is true, into our lungs ; carbonic 
aacid is continually produced in considerable quantities by the slow 
combustion going on in our bodies, and forms a large proportion 
ofthe air exhaled from our lungs ; finally, continued use of effer- 
vescing drinks, rich in carbonic acid, does not apparently produce 
any injurious eflect. 

Nitrogen, like carbonic acid, neither burns nor supports com- 

Ebustion, nor can it be respired ; the latter gas may, however, be 
edistinguished from the former by the fact that when brought into 
eeontact with clear lime-water it at once produces a white tur- 
!bidity or precipitate of calcium carbonate, insoluble in water, and 
wwhich again dissolves with effervescence in dilute hydrochloric 
acid. Baryta-water is even better adapted than lime-water for the 
- detection of carbonic acid. 
Carbonic acid possesses the properties of a weak acid anhy- 
- dride, and unites therefore with bases. The combination, however, 
takes place slowly, and but little heat is evolved. If a glass tube 
closed at one end is filled with carbonic acid and the open end 
ced in a vessel of caustic potash, the liquid rises in the tube 
slowly, more quickly if shaken, until ultimately the whole of the 
earbonic acid disappears. \We employ this property of the gas not 
only to separate it when mixed with other indifferent gases, but 
also to determine its amount quantitatively. 

The quantity of carbon present in an organic substance is 
found by heating it with some substance that readily gives up 
oxygen (e.g. copper oxide) in a tube of hard glass. By this process 
‚the hydrogen present is converted into water, and the carbon into 
" carbonic acid. These compounds are allowed to pass first through a 
\ U-tube containing calcium chloride to absorb the water, and then 
through a series of bulbs (called Liebig’s potash-bulbs, fig. 55), 
* which contain strong caustic potash, and absorb the carbonic acid. 
If the calcium chloride tube and the potash bulbs are separately 
" weighed before and after the experiment, the increase in weight of 
the former gives the weight of water formed, and of the latter the 
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weight of carbonic acid. From these weights the actual weight 
of hydrogen and carbon present in the substance can be easil 
calculated. 

The affinity of carbon for oxygen increases as the temperatur 
rises, and at a white heat carbon can 
even extract oxygen from potassium! 
oxide or carbonate and set free metallic 
potassium. But at a red-heat, and when 
the carbonic acid is in excess, potassium | 
can abstract oxygen from carbonic acid. 
If a small piece of potassium is heated 
in a bulb-tube of hard glass to low red- 
ness while a stream of dry carbonic acid 
is passed over it, the fused metal soon 
begins to burn with a dark red light, 
and becomes covered with a coating of 
potassium carbonate and amorphous 
carbon. The following equation explains the process :— 


AK 7360, = RCEOOR, # GC 
This experiment shows that colourless carbonic acid contains 
black charcoal, and that it can be reduced to this substance. 


Carbonic acid is the anhydride of an unknown dibasic acid, 


the composition of which would be : CO 10H but which has not 








Fig. 55. 












yet been prepared. The majority ofits salts are insoluble in water; 
the only soluble carbonates being those of the alkali metals: 
potassium, sodium, lithium (ammonium, rubidium, and cesium), and 
of thallium. Normal potassium carbonate (potashes) and normal 
sodium carbonate (soda) possess an alkaline reaction, because 
the strong basic properties of these oxides are not completely 
neutralised by the weak carbonic acid. Its acid salts of these 
two metals—e.g. acid sodium carbonate : CO- 'ONa —react neutral, 


When carbonic acid is led into aqueons er the chief pro- 


ne H, 
duct isammonium carbonate, of the composition : CO SSSER AR 
es U ONH, 
Co, 2NH, + H,O = coloxm' 


This salt cannot, however, be produced from ir ammoni 
and dry carbonic acid, because the molecule of water necess 
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for its production is now absent. The two gases unite, however, 
with considerable evolution of heat, and produce a salt, which 


ü 
is ammonium carbamate, having the composition: CO ONH, 
(p. 186). 


Carbonic acid can be condensed by a high pressure to a liquid 
which, when allowed to evaporate in the air, produces a sufficient 
diminution in temperature to freeze it. For the 
preparation of liquid carbonic acid, the apparatus 
devised by Natterer is now almost universally em- 
ployed. This consists of a compression pump, 
which also acts as a suction pump, and a strong 
wrought-iron vessel. The latter vessel (fig. 56) is 
screwed at its base to the top of the cylinder of the 
pump, and is there provided with a small valve 
opening upwards at the end of every stroke of the 
piston, and otherwise kept closed by a weak spiral 
spring. This valve, therefore, only allows gas to enter 
the strong vessel, and prevents any from leaving it. 
At the upper end of this vessel, a narrow tube, », 
is screwed on at right angles, which can be set in 
communication with the interior of the vessel by 
raising a conical valve attached to the screw, 7. 
This tube is to allow the liquid carbonic acid to 
escape after about 250 grammes have been pumped 
in. For this purpose, the receiver is unscrewed, 
“turned upside down, and the screw, /, carefully 
turned. 

If a jet of liquid carbonic acid is allowed to 
flow out of the side tube into a metallic vessel, 
which is so arranged that it receives a circular 
motion, and therefore rapidly evaporates, a large 
portion of the carbonic acid freezes at the low tem- 

‚ Perature produced, and fills the vessel as a light, snow-like mass, 

Condensed carbonic acid is a colourless, transparent, mobile 
liquid of 095 specific gravity at o°, and only 078 at + 25°, It 
therefore expands under the influence of heat not only greater 
than any other liquid, but also greater than the gases—a very 
remarkable property. 


. The tension of liquid carbonic acid at different temperatures 
1S about as follows :— 
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weight of carbonic acid. From these weights the actual weight 
of hydrogen and carbon present in the substance can be easil 
calculated. 
The affinity of carbon for oxygen increases as the temperatur 
rises, and at a white heat carbon ca 
even extract oxygen from potassiu 
oxide or carbonate and set free metalli 
potassium. But at a red-heat, and whe 
the carbonic acid is in excess, potassiu 
can abstract oxygen from carbonic acid 
If asmall piece of potassium is heate 
in a bulb-tube of hard glass to low red 
ness while a stream of dry carbonic aci 
is passed over it, the fused metal soo 
begins to burn with a dark red ligh 
and becomes covered with a coating 
potassium carbonate and amorpho 
carbon. The following equation explains the process :— 


A oe (IC, =I2CHOR, +, 
This experiment shows that colourless carbonic acid contain 


black charcoal, and that it can be reduced to this substance. r 
Carbonic acid is the anhydride of an unknown dibasic acid, 


h O1] but which has not 


yet been prepared. The majority ofits salts are insoluble in water; 
the only soluble carbonates being those of the alkali metals: 
potassium, sodium, lithium (ammonium, rubidium, and cesium), and 
of thallium. Normal potassium carbonate (potashes) and normal 
sodium carbonate (soda) possess an alkaline reaction, because 
the strong basic properties of these oxides are not completely 


neutralised by the weak carbonic acid. Its acid salts of these 


; ; (OH _ 
two metals—e.g. acid sodium carbonate : CO |ONa teactneutäg 





Fig. 55. 


the composition of which would be : CO 


When carbonic acid is led into aqueons ammonia the chief pro- 


duct isammonium carbonate, of the composition : CO | ONH' = 
Y ONH 
CO, + 2NH,.+ H,O = COlonH" 


This salt cannot, however, be produced from dry ammonla 
and dry carbonic acid, because the molecule of water necessary 
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“for its production is now absent. The two gases unite, however, 
with considerable evolution of heat, and produce a salt, which 
(NH, 


is ammonium carbamate, having the composition: CO IONH, 
(p. 186). 


Carbonic acid can be condensed by a high pressure to a liquid 
which, when allowed to evaporate in the air, produces a sufficient 
diminution in temperature to freeze it. For the 
preparation of liquid carbonic acid, the apparatus 
devised by Natterer is now almost universally em- 
ployed. This consists of a compression pump, 
which also acts as a suction pump, and a strong 
wrought-iron vessel. The latter vessel (fig. 56) is 
screwed at its base to the top of the cylinder of the 
pump, and is there provided with a small valve 
opening upwards at the end of every stroke of the 
piston, and otherwise kept closed by a weak spiral 
spring. This valve, therefore, only allows gas to enter 
the strong vessel, and prevents any from leaving it. 
At the upper end of this vessel, a narrow tube, »z, 
is screwed on at right angles, which can be set in 
communication with the interior of the vessel by 
raising a conical valve attached to the screw, 4 
This tube is to allow the liquid carbonic acid to 
escape after about 250 grammes have been pumped 
in. For this purpose, the receiver is unscrewed, 
“turned upside down, and the screw, /, carefully 
turned. 

If a jet of liquid carbonic acid is allowed to 
flow out of the side tube into a metallic vessel, 
which is so arranged that it receives a circular 
motion, and therefore rapidly evaporates, a large 
portion of the carbonic acid freezes at the low tenı- 
Perature produced, and fills the vessel as a light, snow-like mass, 

Condensed carbonic acid is a colourless, transparent, mobile 
liquid of 0°95 specific gravity at 0°, and only 078 at + 25°. It 
therefore expands under the influence of heat not only greater 
than any other liquid, but also greater than the gases—a very 
remarkable property. 

, The tension of liquid carbonic acid at different temperatures 
Is about as follows :— 
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During free evaporation in the air its temperature falls to about 
-79. 

The solid, snow-like carbonic acid evaporates but slowly even 
on a warm hand, and notwithstanding its low temperature produces 
scarcely a feeling of cold. It does not, in fact, touch the hand at 
all, but is separated by a layer of the gas which it is continually 
giving off. The phenomenon is similar to that produced when a 
drop of cold water is allowed to fall into a red-hot platinum dish; 
the drop then remains suspended by its own vapour and does not 
touch the hot metal at all. If, however, a piece of solid carbonic 
acid is pressed firmly on the skin, a burning pain is felt and a 
blister is raised on the spot touched. The action is, in fact, the 
same as when the skin is burnt with a hot body. 

If solid carbonic acid is mixed with some volatile liquid—e.g, 
ether—both evaporate with great rapidity, the mixture begins to 
boil, and a sufficiently low temperature (about — 100°) is produced 
to freeze mercury in a few seconds. 

Carbonic acid is largely used for the manufacture of artificial 
mineral waters. Pure water in which various salts are dissolved, 
according to the mineral water required, is impregnated with 
carbonic acid in thick metallic vessels. The gas is pumped in by 
a special apparatus, and the liquid is kept constantly agitated. In 
this way not only can many mineral waters be imitated, but other 
compositions of any required kind can be prepared. Water in 
which small quantities of salts have been dissolved retains its 
carbonicacid when exposed to the air longer than pure water. 

Carbonic acid is also used in the arts for the preparation of 
white-lead, and of salicylic acid from phenol. Liquid carbonic 
acid is now empioyed on a large scale by Krupp at Essen, in Ger- 
many, for compressing cast-steel during solidification. 
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CARBAMIC ACID. 


; 
Composition of the hypothetical acid: CO | a ; 



















As previously mentioned (p. 290), dry carbonic acid and dry 
;ammonia unite to form a salt which cannot be ammonium car- 
“ bonate, as the molecule of water necessary for the formation is 
' wanting. 

The compound produced is the ammonium salt of a monobasic 
‚ acid, which is as little known in the free state as the true carbonic 
acid: CO > It has the same relation to this dibasic acid as 


« chlorsulphonie acid (p. 165): Bo has to sulphuric acid, 


" except that carbamic acid contains an atom of amidogen, instead 
of one ofchlorine, in place of an atom of hydroxyl. 

The production of ammonium carbamate may be easily under- 
stood if we imagine one of the two molecules of ammonia which 
unite with one molecule of carbonic acid to give up an atom of 
hydrogen to the other. By this means amidogen is produced on 
“the one hand, and ammonium on the other, which then unite with 
the carbonic acid as shown by the following equation :— 


Co, + 2NH, = CO ont, 

Ammonium carbamate is easily obtained by leading carbonc 
‘ acid and ammonia, both perfectly dry, into absolute alcohol, 
“ when the salt separates as a white, voluminous, crystalline mass. 
“When heated with absolute alcohol in sealed tubes to 100° 
‘and allowed to cool slowly, the salt separates out in large thin 
erystalline plates. 

This salt is always contained together with ammonium car- 
" bonate in the commercial carbonate of ammonia. In contact with 
water it gradually takes up a molecule of this substance, and after 
' some time is converted into ammonium carbonate. It is distin- 
guished from this latter compound by the fact that its aqueous 
‘ solution when mixed with a solution of calcium chloride does not 
“ at once deposit a white precipitate of calcıum carbonate, because 
the calcium carbamate which is first produced is soluble in water, 


Calcium carbamate : (CONH,),0,Ca + H,O, is produced when 
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carbonic acid is led into a mixture of thick milk of lime and four 
times its volume of strong ammonia. The filtered liquid is then 
cooled too°and precipitated with absolute alcohol : the amorphous 
precipitate thus produced soon changes into small prismatic crystals 
ofthe above composition. Calcium carbamate is tolerably soluble 
in water, but the solution soon becomes turbid from the calcium 
carbonate produced by its decomposition with water. In aqueous 
ammonia the salt remains longer undecomposed. When gently 
heated it loses its water of crystallization, and then bears a tempe- 
rature of 180° without decomposition. 

Carbamic acid forms more stable organic compounds with the 
alcoholic radicals, producing then a series of bodies called urethanes. 

Ammonium carbamate, which contains the constituents of one 
molecule of water less than ammonium carbonate, contains itself 
one molecule of water more than carbamide, thus :— 







e 
Ammonium carbonate . : : , CO IOnH. 
. 
Ammonium carbamate . . . . co ' Nm," 
j . "INH, 
Carbamide or urea f . : EG) \NH, 


Carbamide not yet prepared in the free state is isomeric with 
urea, a normal constituent of urine; it may be considered either as 
the hypothetical carbonic acid in which both atoms of hydroxyl 
have been displaced by amidogen, or as carbonic anhydride in 
which one atom of oxygen is displaced by two of amidogen. Am- 
monium carbamate is converted with loss of water into carbamide, 
which at once changes into urea, when heated in sealed tubes up 
to 140°. 





CARBONIC OXIDE. 
Composition : CO. 


The second lower oxide of carbon, which contains the element 
as a dyad, is, like carbonic acid, a colourless gas, but is distinguished 
from this compound principally by its combustibility. When heated 
in the air it catches fire and burns with a blue flame, forming car- 
bonic acid. 

Carbonic oxide has a specific gravity of 0'968, corresponding to 
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za molecular weight of 28, is scarcely soluble in water, and is only 
ccondensed to a liquid under the greatest pressure combined with 
<a very low temperature. The gas, although tasteless and odour- 
lless, is very poisonous; air containing only a few per cent. of it 
when breathed produces giddiness and intense headache, followed 
!by insensibility, and after a little time by death. 

Carbonic oxide does not occur free in nature like carbonic acid, 
but is always produced by the incomplete combustion of carbon or 
ıcarbonaceous substances—z.e. when these are burnt with an insuffi- 
cient supply ofair. It may also be prepared from carbonic acid if 
ıthis gas is led over glowing charcoal. The blue flames seen when 
‚air flows freely over large masses of glowing carbon—for example, 
when the door of the firebox of a steam-engine is opened—are due 
to burning carbonic oxide, produced by the contact of carbonic acid 
with the red-hot carbon. 

For the preparation of carbonic oxide it is best to employ either 
oxalic or formic acid, or else a salt of the last-named acid. 

ÖOxalic acid, which occurs in nature in many plants, especially 
the sorrels, and which can also easily be prepared artificially, is 
a solid erystalline substance of strong acid properties, and having 
the composition Se This body, when mixed with concen- 

| j 
trated sulphuric acid and warmed, breaks up into water, carbonic 
acid, and carbonic oxide :— 


C0.0H - H,O + CO, + co. 


The sulphuric acid first removes the water of crystallization from 
the oxalic acid, and then, on account of its strong attraction for 
water, abstracts a further two atoms of hydrogen and one of oxygen, 
which unite to form water. As, however, the oxalic anhydride: 


co 


co O, which is thus produced, does not appear to exist, this hypo- 


thetical substance at once breaks up into carbonic acid and car- 
bonic oxide :— 

co\ 

0) } 

In order to purify the carbonic oxide from the large quantities 

of carbonic acid mixed with it, the mixed gases must be passed 

through a system of wash-bottles containing strong caustic potash, 

which absurbs the carbonic acid, but allows the carbonic oxide to 


[6) = E00; + 0; 
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pass on unchanged. Ifthe gases are evolved rapidly, it is dificult‘ 
to separate the whole of the carbonic acid from the mixture. It is, 
therefore, better to prepare the carbonic oxide from formic acid, 
which breaks up when heated with sulphuric acid into carbonic 
oxide and water only. 


Formic acid is amonobasic acidofthe composition :|Co.0R, 


and its sodium salt is: | rlaiis On heating this compound 


with concentrated sulphuric acid, formic acid is first set free, and 
this is then decomposed into carbonic oxide and water. The fol- 
lowing equation expresses the entire reaction :— 


H (OH 
en + SO; \OH ” SO, |ONa. + CO + H,O. 


The water produced is, as before, retained by the excess of sulphuric 
acid. 

This process easily yields considerable quantities of pure car- 
bonic oxide, and is the best method to employ, now that formic 
acid is artificially prepared in large quantities. 

Carbonic oxide is an indifferent substance in so far that it 
neither unites with acids nor with bases to form salts. And not- 
withstanding the tendency of the unsaturated dyad carbon which 
it contains to pass into saturated tetrad carbon by union with some 
other element, it neither unites with oxygen, nor with sulphur, or 
chlorine at the ordinary temperature. Combination with oxygen 
to form carbonic acid or with sulphur to form carbon oxysulphide : 
COS, requires a high temperature ; and to produce its compound 
with chlorine—carbon oxychloride : COCl1,—either a high tempe- 
rature or direct sunlight is necessary. 

Although carbonic oxide does not unite with aqueous caustic 
potash, the solid substance combines easily and completely with 
the gas when the two bodies are heated up to 100° or over. The 
sole product of this union is potassic formate :— 


> H 
KOH + 20) = [Co.0k 


We can, therefore, obtain carbonic oxide from formic acid by the 
abstraction of a molecule of water, and reconvert the gas into 
formic acid by the action of caustic potash. 

If carbonic oxide is led into a concentrated hydrochloric acid 
solution of cuprous chloride : Cu,Cl,, it isabsorbed in considerable 
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uantities, and a crystalline compound is produced which contains 
e elements of cuprous chloride, carbonic oxide, and water. 


CARBON OXYCHLORIDE (Carbonyl Chloride). 
Composition: COC],.. 


This compound, also known as SAhosgene gas, because formed 
y the action of light, may be considered as carbonic acid in which 
ne atom of oxygen has been displaced by two atoms of chlorine, 
d has the same relation to this substance as sulphuryl chloride 
. 164) to sulphuric anhydride. It is produced, without explosion, 
when equal volumes of carbonic oxide and chlorine are exposed to 

irect sunlight, the volume of the mixed gases diminishing to one 
alf. 
Carbon oxychloride is a colourless gas of peculiar, sufiocating 
dour, easily condensed in an ordinary freezing mixture to a 
olourless liquid, with a specific gravity of 1°43, and boiling at + 8”, 
The specific gravity of the gas is 3'46, and its molecular weight 
3:46 x 28:88 = 99°9, corresponding to the formula : COCI,. Its com- 
osition is also proved from the fact that two volumes (one 
molecule) of carbonic oxide and two volumes of chlorine produce 
wo volumes of the gas :— 
CO: SCH, =: VEDEL 


2 vois. 2 vols. 2 vols. 





In contact with water it is at once decomposed into carbonic acid 
and hydrochloric acid. 


OXALIC ACID. 


'C0-.OH 


Composition : \C0-OH 


Öxalic acid occurs in nature as the acid potassium salt in the 
"various kinds of sorrel and other plants, and also in combination 
with lime as calcium oxalate. 

It crystallizes in colourless rhombic prisms with two molecules 
of water of crystallization, which can be easily expelled on heating. 
Oxalic acid possesses a strong acid reaction, and is tolerably 
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soluble both in water and alcohol. Nine parts of water dissolv. 
one ofthe acid at the ordinary temperature, and a much large 
quantity when hot. When the anhydrcus acid is heated above 
100°, a portion sublimes unchanged, but the greater part is decom 
p>sed into carbonic acid and formic acid :— 


(CO-OH _ (H 
\CO.OH 94 ch 


which latter then further decomposes into water and carboni 
oxide. 

Oxalic acid is not now obtained, as formerly, from the aci 
Juice of the sorrel, nor by the expensive process of oxidizing cane 
sugar with nitric acid, but is exclusively prepared froın some for 
of cellulose, generally sawdust. Thesawdust is mixed with caustii 
potash, to which a certain, not too large a quantity of caustie 
soda may be added, and the mass heated until it fuses. The 
cellulose is thus destroyed—oxidized— with evolution of hydrogen, 
and a large part of its carbon converted into oxalic acid, which 
unites with the potassium and sodium. f 

The fused mass is then extracted with water, neutralized with 
hydrochloric acid, and mixed with a solution of calcium chloride. 
The insoluble calcium oxalate which is thus produced is filtered 
off, suspended in water, and digested with the requisite quantity of 
sulphuric acid. By this means slightly soluble calcium sulphate 
(gypsum) is formed, and the oxalic acid remaining in solution is 
deposited on evaporation ; the crude acid being afterwards purified 
by repeated crystallization. 

Of theoretical interest is the fact that oxalic acid can be directly 
obtained from carbonic acid by reduction. If dry carbonic acid is 
led over potassium amalgam, a brisk reaction takes place, and 
potassium oxalate is formed. The mercury of the potassium 
amalgam undergoes no change, but serves simply as a diluent :— 


= r (CO-OR 
2C0, + 2K = \C0-OK 


Oxalic acid is a dibasic acid, and is a chemical compound of two 
atoms ofthe monad radical orafy/: CO-OH, just as a molecule 
of hydrogen consists of two separate atoms. The oxalates are 
mostly insoluble in water. One of the most insoluble is calcium 
oxalate, which is not even dissolved by acetic acid, and which 
serves, therefore, for the detection and estimation of oxalic acid 
(and calcium). 
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Oxalic acid in its relations to nitric acid is very stable; even 
hen the two are boiled together it is only slowly oxidized to 
rbonic acid. Other oxidizing agents, as potassium permanganate 
r manganese peroxide, convert it easily and completely into car- 
onic acid and water. 

On heating oxalic acid to the point when it begins to sublime, a 
ortion of it is converted into carbonic acıd and formic acid, as 
reviously explained ; and if the oxalic acid is dissolved in aqucous 
ycerine, and then heated to 100°, the change into these two sub- 
tances is so complete and easy that this is employed as the best 
ethod for preparing formic acid. 

The conversion of oxalic acid into carbonic acid, carbonic oxide, 
water, when heated with concentrated sulphuric acid, has been 
eady referred to (p. 295). 


Oxamic Acid and Oxamide. 


Just as the hypothetical carbonic acid becomes carbamic acid 
when one of its atoms of hydroxyl is displaced by amidogen, and 
bamide on displacement of both atoms by the same radical, so 
the same change in oxalic acid produces oxamic acid and oxamide 
espectively :— 


u |CO-ON 
Oxalic acid . i ; . . “ 1C0-0H 
De \CO-NH, 
FRE acid \cC0-0OH 
Er. ICO-NH, 
Oxamide ; 5 . - . " |CO-NH, 


1 7, 1C0-N 2 ’ : : 
Oxamı. Acid: f is a white, crystalline powder, slightly 


soluble in water. It is produced by heating acid ammonium 


oxalate :— 
(CO.ONH, (CD-NH, 


\C0-0H “ * iIco.oHn" +* #40; 
or by boiling oxamide with aqueous ammonia :— 


{CO-NH, (CO-NH, 

\CO-NH, (CO-ONH, 

and is separated from the solution of its ammonium salt thus 
' obtained by hydrochloric acid. 

Oxamiec acid is a monobasic acid, and is easily dissolved by 


H,O = 
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alkalies, but when boiled with these it takes up the elements 
water and is converted into oxalic acid andammonia. Boiled wit 
water, it gives acid ammonium oxalate., 


Oxamide : a is a white crystalline powder, tasteles 
and odourless, insoluble in cold water or alcohol, and only slightl 
dissolved by these liquids when hot. It is produced when norma) 
ammonium oxalate is heated :— 

lEO:ONH, . ... ICQ«NH, 
(CO:ONH, — \CO=-NH, 

It is, however, better prepared from an organic compound 
oxalic acid—oxalic ether, a colourless liquid with pleasant ethe 
real odour and insoluble in water '—by shaking it with aqueo 
ammonia. The oily liquid gradually disappears, and a crystallin 
powder of oxamide takes its place, with the simultaneous formatio 
of alcohol :— h 


2H,0, 


ICO:GESE, „nt _ JCO-NH, 5 j 

\Co-0C.H, * 2NH, = ICo-NH, * 2C,H,:08 H 
Oxalic ether Oxamide Alcohol 

When carefully heated, oxamide may be sublimed, but quich 


heating decomposes it into various products, among which cyanogen 
may be recognized by its odour. Boiling with aqueous alkalies 
changes it into oxalic acid and ammonia. 


- 
Ds 





CARBON DISULPHIDE. 
Composition: CS.;. 


This compound, the anhydride of a sulpho-acid corresponding 
to carbonic acid, was discovered by Lampadius towards the end of 
the preceding century: It isproduced in a precisely similar method 
to carbonic acid—viz. by burning carbon in sulphur gas. A con- 
siderably hisher temperature is, however, necessary to cause carbon 
to burn in sulphur than in oxygen. 

Carbon disulphide is a colourless, mobile, very volatile liquid, 
insoluble in water, in which it sinks, refracting light strongly, and 


! Oxalic ether is prepared by distilling a mixture of dry oxalic acid and 
absolute alcohol. 
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ssessing an unpleasant ethereal odour. It has a specific gravity 
jf 1:29, boils at 46°, and is miscible with alcohol and ether in all 
roportions. It is very inflammable,and burns with a bluish flame 
carbonic acid and sulphurous acid, with the separation of sul- 
hur if the air supply is insufficient. 

Carbon .disulphide is prepared by heating freshly glowed wood- 

arcoal in large tubulated earthenware retorts to bright redness 
a suitable furnace, and dropping in pieces of sulphur from time 
otime. The neck of each retort is connected air-tight with a large 
eceiver in which the uncombined sulphur condenses, and from 
his the carbon disulphide vapours are led through well-cooled 
ondensers. The crude product contains sulphur, sulphuretted 
hydrogen, and other impurities, imparting to it a very unpleasant 
our, and from which the carbon disulphide cannot be completely 
reed even by repeated redistillation. It may, however, be effec- 
ally purified by shaking with mercury and with mercuric chloride, 
and then distilling. 
Carbon disulphide is employed for numerous technical purposes, 
rd is now manufactured on a large scale and sold at a low price. 
‚It is an excellent solvent for many substances—e.g. for iodine, sul- 
phur, phosphorus, fatty and ethereal oils, resins, &c.—and in con- 
equence of this property is largely used to impregnate india-rubber 
with sulphur in the manufacture of vulcanised rubber, to free the 
finer kinds of wool from fat, and to extract fatty oils from seeds 
containing them. 

Air containing small quantities of the vapour of carbon disul- 
phide, when respired, acts in a similar manner to chloroform and 
produces insensibility ; in larger quantities it is poisonous. At the 
same time carbon disulphide possesses strong antiseptic properties ; 
it prevents the putrefaction of meat, and stops the processes of 
fermentation. 

Pure carbon disulphide exposed to sunlight soon becomes of a 
yellow colour and acquires the unpleasant odour of the crude sub- 
Stance. After some time it deposits a brown amorphous substance, 
which apparently has the composition of carbon monosulphide : 
CS, and which is insoluble in carbon disulphide and most other 
"liquids. It is probable that the light decomposes the carbon 
Aisulphide into sulphur and the still unknown monosulphide, which 
then polymerises to form this brown substance. 

Dry chlorine gas decomposes carbon disulphide with formation 
' of disulphur dichloride and carbon tetrachloride. 


#1 


mE, EEE 
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Carbon disulphide is the anhydride of a dibasic sulpho-acid- 


sulphocarbonic acid CS | Se —and as such can unite with aqueous 


\ 


solutions of sodium or potassium sulphides, or other sulphides 
soluble in water, to form sulphosalts—e.g. with potassium sulphide 
to form the compound : CS | OK —potassium sulphocarbonate. 

The sulphocarbonates can only be obtained in the solid form 
with difficulty, as they very easily decompose. The potassium 
compound separates out from its concentrated solution in yellow 
deliquescent crystals, containing water. 

Aqueous alkalies also dissolve carbon disulphide and produce 
a mixture of sulphocarbonate and carbonate :— 


SK OK 


> S- ( 
3C5, + 6KOH = 2CSIsK COOK +  3H,0. 
If aqueous ammonia is used, ammonıum sulphocarbonateäf 
ISNH' is also produced, together with ammonium sulPho Sg 


bamate : CS | Et and ammonium sulphocyanate : CSN-N Fr 

Alcoholic potash when warmed with carbon disulphide dissolve 
considerable quantities, and after a short time the liquid almost 
solidifies to a mass of small yellow crystals. This compound is 
not potassium sulphocarbonate, but is the potassium salt of an 
organic acid, termed xanthogenic acid. 

If a sulphocarbonate is mixed with alcohol and then hydro- 


s Ä SSH 
chloric acid added, free sulphocarbonic acid: CSisH separates 


as a dark yellow oil, with a disagreeable odour. The acid readily 
decomposes into carbonic disulphide and sulphuretted hydrogen. 





CARBON OXYSULPHIDE, 
Composition : COS. 


This compound, which may be considered as carbonic acid in 
which one atom of oxygen is dısplaced by sulphur, and is therefore 
the intermediate compound between carbonic acid and carbon 
disulphide, is a colourless gas, with an unpleasant odour, combus 
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itible and easily inflamed. Water dissolves its own volume of the 
‚ but decomposes it on standing into carbonic acid and sulphu- 
etted hydrogen. 
Carbon oxysulphide is found in some mineral waters, and may 
e artificially prepared by leading carbonic oxide with excess of 
ulphur vapour through a glass tube heated to low redness, or by 
eating a mixture of sulphuric anhydride and carbon disulphide. 
e best method for its preparation consists in heated potassium 
ulphocyanate with moderately dilute sulphuric acid. There are 
hen produced, besides carbon oxysulphide, acid ammonium sul- 
hate and acid potassium sulphate as secondary products, together 
ith some hydrocyanic acid and sulphuretted hydrogen :— 
= (OH (OH (OH 
BeNE + 250,104 \ONH, * >9%|OKR 
Alkalies, like water, decompose carbonic oxysulphide with 
formation of carbonic acid and sulphuretted hydrogen ; thus, with 
potash the change is as follows :— 


+ H,0 = C0S +50, so 


COS + 4KOH = “OOR + K,S + 2H,O0. 


A second compound isomeric with carbonic oxysulphide, of the 
composition: CSO, may exist, but has not yet been prepared. 


COMPOUNDS OF CARBON AND HYDROGEN. 


Carbon and hydrogen, although they have little attraction for 
“one another in the free state, unite together to form a large series 
“of compounds—the so-called hydrocarbons. Nearly all these 
! belong to organic chemistry, and we can here only refer to two of 
t the simplest—viz. methane and ethylene., 
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METHANE, or MARSH GAS. 
Composition : CH,. 























This, the most important compound of carbon and hydrogen, i 
a colourless, odourless gas, insoluble in water, and burning in th 
air with a pale, non-luminous flame. Its specific gravity is 0'55 
and its molecular weight, therefore, 055 x 2888 = 15'9, correspond 
ing to the above composition. Its low specific gravity gave ris 
to its old name /ighf carburetted hydrogen, as distinguished fro 
heavy carburetted hydrogen, or ethylene. 

Methane is found in nature as a product of the decompositio 
of organic substances out of contact with air—for example, by th 
putrefaction of vegetable matter at the bottom of stagnant pool 
and marshes. The warsı gas thus produced rises to the surface 
in large bubbles when the mud is stirred up with a stick. This 
gas is, of course, not pure methane, but contains, besides, some 
carbonic acid and nitrogen—the former being produced by decom- 
position, the latter from the air dissolved in the water. 

Methane is set free in immense quantities in some coal-mines, 
owing to partial decomposition of the coal. A mixture of this 
methane with atmospheric air, which is often produced in such 
mines, explodes when ignited, even more violently than a mixture 
of hydrogen and air. Two volumes of hydrogen, requiring for its 
combustion one volume of oxygen, produce two volumes of water- 
gas ; but two volumes of methane, requiring four volumes of 
oxygen, produce, on ignition, two volumes of carbonic acid, and 
four volumes of water-gas :— 

CH, -#-. 29, u=2r6d,.2 20,0. 
2 vols. 4 vols. 2 vols. 4 vols. 

With a falling barometer—i.e. with reduced air pressure, large 
quantities of this methane pass from cavities in the coal into the 
workings of the mines, and, mixing with the air, produce an ex- 
plosive mixture (fire-damp), which is readily ignited by the lamp 
of the miner, and then produces those fearful explosions by which 
so many lives are annually lost. 

The safety lamp constructed by Dawyto avoid these explosions 
consists of a small oil-lamp completely surrounded by wire gauze, 
and its action depends upon the fact that an ignited and explosive 
gaseous mixture when passing through wire gauze has its tempera- 
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ure lowered below its point of ignition by the conductivity of the 
etal for heat, and, therefore, does not burn on the other side of 
the srauze. Various unforeseen difficulties have, however, prevented 
ts general application, and it is often rendered useless by the 
iner opening the gauze casing for purposes of his own. 
Methane is produced, not only by slow putrefaction, but also 
ythe destructive distillation of coal, and is therefore one of the 
‘thief constituents of coal-gas. The well-known lightness of coal- 
gas and its use for filling balloons are due to this metlhane, and to 
Ihe hydrogen which it contains. Other carbon compounds also 
yield methane when strongly heated. Thus, the vapour of ordinary 
alcohol: C,H,O, wben driven through a red-hot iron tube, yields 
onsiderable quantities of methane, mixed however with carbonic 
id ı— 
3C.HO =. 35CH, + CO, 
Methane may be obtained fairly pure by strongly heating an 
intimate mixture of dry sodium acetate and caustic soda, or better 
hsoda-lime! in a tube of hard glass. The products are then 
methane and sodium carbonate :— 
DORT, 
\C0-ONa + NaOH = CH, + CO(ÖNa).. 
Sodium acetate 
Chemically pure methane can only be obtained from an organic 
compound called zince methyl: Zn/CH,), and which is distin- 
guished by its great tendency to unite with oxygen. "This body is a 
olourless, volatile liquid, which catches Are at once when exposed 
to the air and decomposes water with almost explosive violence. 
‘If zinc methyl is boiled in a glass flask, out of contact with air, and 
ats vapour then passed into water, it is at once decomposed into 
'methane and zinc hydrate, the latter separatinır out as a white, 
‚gelatinous solid, or remaining dissolved as zinc chloride, if hydro- 
-chloric acid has been previously added to the water :— 

Zu(CH,, + 2H,0O = 2CH, + ZuON). 
+  Zinc methyl 
Methane is a perfectly indifferent compound, and unites with 
10 other substance without decomposition. Sulphuric, nitric, or 
‚pbosphoric acid are without action on it, and even the powerful 
oxidizing mixture of potassium dichromate and sulphuric acid, as 
! Quick-lime which has been slaked with caustie soda solution instead of 
"with water. — ED, 
x 
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well as caustic potash, leave it entirely unchanged. “Chlorine 
without action upon it in the dark, but if a mixture of the tw. 
gases is led into vessels exposed to direct sunlight, one or mor 
atoms of hydrogen, according to the volume of the chlorine, arı 
abstracted from the methane to form hydrochloric acid, while t 
place of the hydrogen atoms in the methane molecule is taken b 
an equal number of atoms of chlorine. The end product of the 
action of chlorine on methane contains no hydrogen, but as man 
atoms of chlorine as were originally present of hydrogen. 

The composition of these different chlorine szöstitwtion-produ 
of methane is as follows :— 


Methane (Methyl hydride) f : ; ACH, 
Monochlormethane (Methyl chloride) ; > CHI 


Dichlormethane (Methylene chloride) j EHE UE 
Trichlormethane (Chloroform) . - ECHGE 
Tetrachlormethane (Carbon tetrachloride) zer 


These compounds belong to organic chemistry, 


Ethylene, also known as Olefiant gas, because it forms an oi 
liquid with chlorine, contains in its molecule the same quantity 
hydrogen as methane but twice as much carbon, and has, ther 
fore, the composition: C,H, Ethylene is a colourless gas, ( 
peculiar odour, slightly soluble in water, and condensed to a liqu 
under considerable pressure andat a low temperature. Its speci 
gravity is 0'968, and its molecular weight 0'968 x 28:88 = 28° 
corresponding, therefore, to the formula: C,H,. It is easily in- 
Aammable and burns with a bright luminous flame. 

Ethylene is easily obtained from common alcohol. This com- 
pound, which, at a low red heat, breaks up into carbonic acid and 
methane, is converted by the abstraction of the elements of water 
into ethylene. Concentrated sulphuric acid is best employed for 
"this purpose. Four parts by weight of the acid are gradually 
added to one part of strong alcohol in a large flask provided with 
a delivery tube. The mixture is then gently heated, and as soon 
as its temperature has risen to about 150°, a copious evolution of 
ethylene begins. To free the gas from alcohol carried over with 
it, it is passed through a wash-bottle containing water, and to 
remove the sulphurous anhydride, produced towards the end of the 
operation, a second wash-bottle containing caustic potash is used. 
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e process is represented by the following equation, the sulphuric 
d remaining unchanged :— 


GHO = GH, + HO. 


If ethylene and chlorine are mixed in a large vessel and ex- 
sed to diffuse daylight (in direct sunlight the mixture would 
xplode), the two gases unite to produce a colourless, heavy oil, of 
easant ethereal odour, and having the composition : C,H ,Cl,— 
hylene dichloride, Ethylene also unites directly with bromine, 
roducing efhylene dibromide: C,H,Br,, a liquid with similar 
roperties to the chloride. The corresponding iodide: C,H;TI,, is 
vcrystalline solid, but less stable, 

Ethylene behaves, therefore, like a dyad element, and unites 
without change with two atoms of chlorine, &c., just like copper, 
inc, and other metals. 

Ifa glass cylinder is half filled with ethylene over water, then 
equal volume of chlorine added and a burning taper quickly 
rought near the open end of the jar, the mixture catches fire, 
d burns with an exceedingly smoky flame. The products are 
ydrochloric acid and carbon. Even when excess of chlorine is 
resent no chloride of carbon is formed, a proof that the attraction 
f carbon for chlorine is not sufficient to cause the elements to 
ite directly with one another. 

Since the molecule of ethylene contains two atoms of carbon, 
stead of one, like methane, it requires a larger quantity of oxygen 
0 burn it than this gas. Two volumes of ethylene require six 
olumes of oxygen for complete combustion, and produce four 
lumes of carbonic acid, and four of water-gas :—— 

CH, + 30, = z2C0O, + 2H,0. 


2 vols. 6 vols, 4 vols. 4 vols. 


Ethylene and oxygen mixed in this proportion—z.e. 1:3, explode 
olently when ignited, and easily burst a thin glass flask which has 
n carefully enveloped in towels. 


At first sight it seems strange that ethylene should burn with 
4 flame so much more luminous than methane, although the latter 
as contains half as much carbon and the same quantity of hydro- 
; and connected with this point is the question, Upon what does 
€ luminosity of a lame depend ? 

Experiment teaches us that under normal conditions only those 
es are luminous which contain a glowing solid body. The 
“2 
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scarcely lJuminous hydrogen and oxy-hydrogen flames give ou 
an intense light if a solid substance—e.g. platinum, lime, &c.—is 
strongly heated in them. 

In the same way the flame of burning ethylene contains a solid 
substance—2.e. carbon. And the presence of carbon in the flame 
may be readily proved by holding a cold, white porcelain dish in 
it. Those parts of the dish which come into contact with the 
inner parts of the flame receive a black deposit of soot, just as 
burning arsine deposits black arsenic on a piece of cold porcelair 
(Pir232)° 


The constitution of a luminous flame is not, however, so simple 
as might be thought from the above statements. Three parts may 
be distinguished in every luminous flame : an innermost 
and cold portion, an intermediate and luminous, and & 
less luminous and hot external mantle, as is illustrated 
in fig. 57. The gas which streams out of the burner at 
A does not at once enter into combustion, because na 
oxygen is present with which it can combine. The inner 
cone, a’a, consists therefore of unburnt gas, and is cold. 
This may be readily proved by stretching a fine platin 
wire across the flame, which will become red-hot at t 
two sides of the flame but remain dark, because cold, 
the centre. 

The oxygen which rapidly diffuses from the exterior 
to the interior portions of the flame not only causes 
gases to burn in the exterior mantle, but, by the high 
temperature produced during this combustion, decom 
poses the unburnt gases in the interior of the fame. The decom 
position which is thus brought about is the same as that which 
ethylene suffers when passed through a red-hot tube out of con 
tact with theair. It is then changed into methane and carbon 
C,H,=CH,+C, and itis this carbon which is so liberated, anc 
which is heated in the interior mantle of the ame, e,g (hg. 5 
by the external burning gases, that gives the flame its luminosit 
Ethylene is not, therefore, directly burnt in the flame, but rather th 
products into which it has been changed— viz. methane and carbot 

The same process goes on when a candle burns. A burnin 
body brought near to the wick produces the same changes in t 
fat or wax as destructive distillation, and forms combustible gase 
which catch fire. The heat of the flame then continually mel 
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Fig. 57, 
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he solid fat at its base, which is sucked up by the porous wick to 
he flame to be decomposed and burnt. It is not, however, the fat 
tself which burns, but the gaseous products into which it has been 
decomposed by the heat of the flame. The further course of the 
ombustion then resembles that of ethylene. 

A luminous flame may easily be made non-luminous if the 
ombustible gases äre mixed with enough oxygen to completely 
»xidize the whole of the carbon. This can either be done by 
Jlowing air or oxygen into the luminous flame (as in the blowpipe), 
or by previously mixing the gas with air. Inthe Dunsen burner a 
xture of gas and air is obtained in the following manner. The 
gas is allowed to issue from a small opening over which is screwed 
ı brass tube, with two openings at the base, to admit theair. The 
sas and air then mix so thoroughly in ascending the tube, that the 
ixture burns at the top of the tube without smoke or luminosity. 
The temperature of a flame is sometimes judged from the in- 
zensity of the light which it emits, and although this may to a 
ertain extent be true for solid bodies (iron is hotter when white- 
hot than when red-hot, and when brishtly glowing than when feebly 
glowing), in the case of burning gases luminosity and temperature 
e often inversely proportional to one another. 

The non-luminous flame of coal gas burning ina Bunsen burner 
s much hotter than the luminous flame of the same gas burnt in 
the usual manner. In the latter case the interior of the flame 
Ontains unburnt carbon, but in the former a// the constituents of 
e gas are at once burnt. For the same reason the external non- 
uminous mantle d, Ö, c, of the gas flame (hg. 57) is much hotter 
the interior Juminous portion. 


CARBON TETRACHLORIDE, 


Of the numerous compounds of carbon and chlorine which are 
more closely allied to organic than inorganic compounds, we shall 
here only briefly allude to the most important and at the same time 
"the simplest. 

Composition: CCl.. 


Carbon tetrachloride is a colourless liquid sinking in water, but 
‚not mixing with it, Its specific gravity is 1°6, and its boiling 
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point 77°. The liquid possesses a pleasant, ethereal odour, a 
when breathed acts as an ansthetic like chloroform. 

Carbon tetrachloride cannot be obtained by the direct union o| 
carbon and chlorine, but is readily produced from carbon disulphide 
when this liquid is mixed with an excess of dry chlorine and 
exposed to the light. A quicker method of preparing it consists in 
passing chlorine which has bubbled through warm carbon di- 
sulphide through a red-hot porcelain tube, or by treating this last 
named liquid with antimony pentachloride in the presence of 
chlorine. In all cases the carbon disulphide is converted into 
carbon tetrachloride and disulphur dichloride. These mixed 
liquids are then digested with caustic soda, which decomposes the 
latter, and the carbon tetrachloride then distils over with water 
vapour on heating. It has already been mentioned (p. 306) that 
carbon tetrachloride can also be obtained from methane. 

Carbon tetrachloride is a very stable compound ; it is distin- 
guished from most other inorganic chlorides by the fact that when 
boiled with aqueous potash it remains unchanged. Its alcoholie 
solution is not decomposed when a similar solution of silver nitrate 
is added to it— silver chloride is not precipitated. 

If gaseous carbon tetrachloride is led through a red-hot tube it 
is decomposed into chlorine, and a liquid chloride of carbon con- 
taining only one half as much chlorine. The molecule of this com- 
pound does not, however, consist of one atom of carbon and tv 
of chlorine, but contains two atoms of carbon united with four atoms 
of chlorine, and has, therefore, a similar composition to the tetra= 
chloride as ethylene has to methane :— 


Methane : . . CH, Tetrachlormethane . . ca 
Ethylene j 5 . C,H, Tetrachlorethylene . . C,&8 


This tetrachlorethylene, like ethylene, unites with two atoms 
of chlorine, and yields a compound corresponding to ethylene 
dichloride :— 

Ethylene dichloride : C,H,Cl,. 

Tetrachlorethylene dichloride (carbon hexachloride) : rer 


Carbonic hexachloride is a volatile crystalline solid with an 
odour resembling that of camphor, and which, like camphor, easily 
sublimes on the walls of the vessels in which it is kept. 


] 


Carbon Tetrabromide : CBr,, closely resembles the tetrachloride 
in its preparation and properties. 


Cyanogen. 3ıı 


CYANOGEN, 


































Cyanogen is the name given to a compaund consisting of one 
tom of carbon and one atom of nitrogen, which is so similar in its 
properties to an element, and especially to the halogens, that it 
uld certainly have been considered as such if it were not pos- 
sible to produce it from its constituents, and to again decompose it 
nto them. 

Cyanogen was discovered by Gay-Lussac in 1815 ; its name is 
erived from xvareos, blue, because it is a constituent of Prussian 
lue, which can be prepared from it. 


Composition: CN. 


The molecule of cyanogen consists of two atoms,! just as the 
lecule of hydrogen also contains two atoms, and the composition 
f its molecule is therefore expressed by the formula: CN-CN, or 
CN),. Cyanogen may also be still more briefly expressed by the 
symbol : Cy. 

Cyanogen is a colourless gas of a peculiar odour, resembling 
ydrocyanic acid, and with a specific gravity of 18. This gives a 
molecular weight of 18 x 28°88 = 52, corresponding to the formula 
KEN)... At a low temperature, and under a strong pressure, it may 
be condensed to a colourless liquid, boiling at — 20°, or even to a 
erystalline solid. Water dissolves about 4% times its volume ; 
alcohol considerably more. It is easily inlammable, and. burns 
with a beautiful flame of a peach-blossom colour, which, as neither 
glowing carbon nor nitrogen possess this colour, must be peculiar 
to glowing cyanogen. 

Cyanogen is prepared by heating mercurie cyanide. This white 
erystalline compound, which is easily soluble in water, is obtained 
by dissolving mercuric oxide in excess of aqueous hydrocyanic 
acid, and then crystallizes out on evaporating the clear solution. 


I Strietly, it is, of course, incorrect to speak of an atom of eyanogen, since it 
isnot, like the atoms of the e!ements, chemically indivisible. It is, however, 
convenient to extend the word atom to the compound radicals of organic 
and inorganic chemistry, which play the part of elementary substances 
"instead of coining a new word such as semi-moleceule. When we speak of an 
% atom of cyanogen, ammonium, amidogen, or ethyl, we do not mean an indivi- 
* sible quantity of the substance, but such a quantity which exactly correspands 
to the elementary atoms and can displace them in chemical compounds, 
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After being freed from traces of water which it contains, it break 
up when heated to low redness into mercury and cyanogen, jus 
as mercuric oxide decomposes under similar circumstances into 
mercury and oxygen. The gas can be collected over mercury. 4 
portion of the cyanogen remains behind in the tube as an amor- 
phous brown substance called Zaracyanogen, which has the same 
composition as cyanogen but a higher molecular weight, and of 
which it is therefore a polymeric compound. 

No compound of cyanogen with oxygen or sulphur is known in 
the free state, and it can only be brought into combination with these 
substances indirectly. With the halogens it combines at once as 
soon as they liberate it from its compounds with hydrogen (hydro 
cyanic acid) or with the metals (potassium or mercuric cyanide.) 

Potassium and sodium burn in cyanogen like they burn in 
chlorine, and unite directly with the gas, producing potassium of 
sodium cyanide. These compounds are distinguished by theit 
stability ; they can be heated to redness, out of contact with the 
air, without decomposition. 

Althoush carbon and nitrogen never unite directly with one 
another when heated together alone, they may be made to combine 
in the presence of a third substance which readily unites with 
cyanogen—e.g. potassium. Potassium carbonate and carbon, when 
heated to brisht redness, form carbonic oxide and potassium, and 
if nitrogen is led over the glowing mixture, a compound of potas- 
sium and ceyanogen is produced, called potassium cyanide: KCy, 
a white solid, soluble in water like potassium chloride, and, like” 
this salt, yielding, when decomposed by sulphuric acid, an acid 
hydrocyanic acid—corresponding to hydrochloric acid. 

The same conditions necessary for the production of potassium 
cyanide are also present when nitrogenous organic substance 
such as blood, hair, horn, are mixed with potassium carbonate and 
heated. Under these circumstances, the nitrogen and carbon of 
the organic substances unite with the potassium to form potassium 
cyanide. This process iS that by means of which cyanogen com- 
pounds are manufactured on a large scale. The first compound 
always prepared is the so-called yellow prussiafe, or potassium 
ferrocyanide, which may be considered as a double cyanide of 
potassium and iron : 4KCy,Fe”Cy,, and which will be more fully 
discussed under the compounds of iron. It is also produced when 
an aqueous solution of potassium cyanide acts upon powdered 
ferrous sulphide ; a portion of the potassium cyanide is then decom- 
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sed, and forms potassium sulphide and ferrous cyanide. From 
solution in water it crystallizes in large yellow tablets. 
Potassium ferrocyanide forms the starting-point for the prepara- 
n of all the other cyanogen compounds—.e.g. hydrocyanic acid, 
tassium cyanide, potassium cyanate, &c. 


HYDROCYANIC ACID. (Prussic Acid.) 
Composition: HCN or HCy. 


This compound, well known on account of its highly poisonous 
character, is, when completely anhydrous, a colourless, mobile, 
volatile liquid, miscible with water in all proportions. It possesses 
astrong stupefying odour, and has a specific gravity of 07. Its 
boiling-point is 27°, and at - 15° it solidifies to a crystalline solid. 
It is easily combustible. 

Anhydrous hydrocyanic acid may be prepared in the same way 
5 hydrochloric acid by pourinz concentrated sulphuric acid on 
to potassium cyanide, but the reaction is much too violent, and, on 
account of the poisonous nature of the gas, far too dangerous to be 
employed. It is much better to first prepare the aqueous acıd and 
then to abstract water from it. Forthe same reason it is better 
to employ for the preparation of the dilute acid ot potassium 
©cyanide, but its compound with ferrous cyanide—’.e. potassium 
ferro-cyanide. 

To obtain the dilute aqueous acid, 10 parts of powdered potas- 
Sium ferrocyanideare covered with a mixture of 6 parts of sulphuric 
acid and 30 parts of water in a tubulated retort with its neck in- 
elined upwards. The end of the neck ofthe retort is connected 
by.acork and a bent tube with a condenser, the other end of which 
dips in a receiver carefully cooled in ice, and in which it is best to 
"place a little water at the commencement. The mixture in the 
#retort is then gradually brought to boiling, when a portion of the 
“ water-vapour condenses in the neck of the retort, while the volatile 
"hydrocyanic acid passes over to the well-cooled receiver. The 
“ whole apparatus should be placed in a good upward drausht, and 
every precaution taken, not only in the preparation of this highly 
' PPisonous volatile compound, but also in all experiments made with 
"Ak afterwards, 
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In order to prepare the anhydrous compound from its aqueo 
solution, a flask which is about one-third filled with the latter i 
placed in ice and small pieces of fused calcium chloride graduall 
dropped in, which unites with the water and partially liquefies. 
On no account must the aqueous acid be poured on to the calcium 
chloride, as the heat produced by the union of the .latter with the 
water would drive off large quantities of gaseous hydrocyanic acid. 
After a few hours, the flask is attached to a long condenser and 
receiver immersed in a freezing mixture, and then gently heated 
on a water bath. Anhydrous hydrocyanic acid then distils over a 
a clear, transparent liquid. 

Aqueous, and still more anhydrous hydrocyanic acid, undergoe 
a change when kept for some time in closed vessels, with th 
separation of a brown amorphous substance, known as Zarahydro- 
cyanic acid, and probably a polymeric compound of hydrocyani 
acid. The decomposition is usually accompanied with an evolution 
of gas, which sometimes exerts sufficient pressure to destroy th 
vessels in which it is preserved. It has been found that the addi 
tion of a few drops of hydrochloric acid materially diminishes this 
spontaneous decomposition, 

Hydrocyanic acid is one of the most powerful poisons known 
A few drops of the strong aqueous acid produce almost instanta, 
neous death. Its vapour is also highly poisonous when respired 
a pigeon dies in about half a minute when breathing air mixed wit 
the vapour from anhydrous hydrocyanic acid, even when the tempe 
rature of the liquid is as low as 0°. & 

Very largely diluted with water, hydrocyanic acid is a valuable' 
medicine. The strength prescribed by the ‘ British Pharmacopesia 3 
is a2 per cent. solution ; a 3 per cent. solution is also sometimes 
used under the name Scheele’s prussic acid. Bitter almonds, and 
the kernels of cherries, plums, &c., as well as the leaves of the 
common or cherry laurel, contain a crystalline organic compound! 
of complex composition, called amygdaline. When these sub- 
stances are crushed and moistened with water, the amygdaline 
comes into contact with a ferment (emulsine) which they also con- 
tain, and is then decomposed as sugar is decomposed by yeast. 
One of the products of this decomposition is hydrocyanic acid, 
which, when the water is afterwards distilled, passes over with the 
water-vapour into the receiver. The preparations known as bitter- 
almond-water and laurel-water are obtained in this way. 

Hydrocyanic acid is so weak an acid that it does not even red- 
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en blue litmus paper, and is expelled by carbonic acid from its 
compounds with the alkalies. For this reason, potassium cyanide 
wwhen exposed to the air smells strongly of hydrocyanic acid. 

In many of its reactions, it shows a similarity with the hydrogen 
«compounds ofthe halogens—for example, when mixed with a solution 
cof silver nitrate it gives a white, curdy precipitate of silver cyanide, 
wwhich, like silver chloride, is insoluble in nitric acid but dissolves 
iin ammonia. Silver chloride may, however, be at once distin- 
sguished from silver cyanide if heated; the former compound 
ssimply melts, but the latter is decomposed into silver and cyanogen 
<gas. As potassium chloride unites with platinie chloride to form 
:a stable crystalline double compound, so also potassium cyanide 
tunites with nearly all the metallic cyanides, and produces from 
tthese insoluble substances soluble crystalline double cyanides, of 
iwhich the stable potassium ferrocyanide may be taken as an 
texample. 

Chlorine easily decomposes hydrocyanic acid, uniting with its 
ttwo constituents to form cyanogen chloride and hydrochloric 
acid. . 

In order to detect hydrocyanic acid in a liquid, advantage is 
ttaken of the readiness with which Prussian blue may be formed 
tfrom it. Prussian blue may be considered as a double compound 
«of ferric and ferrous cyanides, Fe’’Cy, and Fe’Cy,, and although 
} insoluble in water and dilute acids, is not produced when a mixture 
«of a ferrous and ferric salt is added to the aqueous acid. If, how- 
* ever, this mixture is made alkaline with caustic potash, potassium 
! ferrocyanide, and a mixture of ferrous and ferric hydrates are pro- 
“duced, and this, when acidulated with hydrochloric acid, forms 
! Prussian blue due to the union of the potassium ferrocyanide with 
t the ferric chloride. . 

Cyanogen is a monad radical, and is to be considered as a com- 
} pound oftriad.nitrogen with dyad carbon. According tothis, hydro- 
‘ eyanic acid would be acompound resembling ammonia in which 


‘two atoms of hydrogen are displaced by one atom of dyad carbon, 


[ , 
“and would then possess the formula : N = And the production 
“ ofsilver cyanide from hydrocyanic acid would be represented by 
U the equation :— 


ir [ 
Nı5 + NO,0OAg = N!/C + N0,.0H. 


u Zus 3 „1 7 
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At present we only know oze kind of hydrocyanic acid, but it is 
possible, and indeed probable, that a second isomeric compound 
exists, containing tetrad carbon as the grouping element. In this 
compound, three of the four bonds of the carbon atom would be 
satisfied with the atom of nitrosen, and one with the atom o 


hydrogen, thus: a This hydrocyanic acid would probabl 


be only slightly, if at all, poisonous. Cyanides are known which 
from their peculiar chemical behaviour appear to contain two 
modifications of cyanogen, from which the existence of a second 
modification of hydrocyanic acid may be deduced. 
Possible, but not probable, is the existence of a third isomeric 
bydrocyanic acid containing pentad nitrogen as grouping element 
saturated with one atom of tetrad carbon and one of hydrogen 
and of which the composition would be expressed by the formula 
| Civ 
(H 


CYANIC ACID, 
Composition : CONH. 


Although cyanogen cannot unite directly with oxygen as it does 
with chlorine, potassium cyanide can, under favourable circum 
stances, easily take up an atom of oxygen and become oxidized to 
potassiunı cyanate. But thecompound called cyanic acid does not 
possess a similar composition to chloric acid ; such a compound is, 
in fact, as much unknown as compounds of cyanogen corresponding. 
to perchloric or chlorous acid, or any of the oxides of chlorin 
Cyanogen appears in fact to unite with oxygen and hydrogen, or 4 
metal in only one proportion—viz. as cyanic acid: CONH. 

Potassium cyanate, although similar in conposition to Dorsch 
hypochlorite, CIOK, has by no means the same consfitution. In 
the hypochlorite the atom of oxygen unites together the chlorine 
and potassium, but in the cyanate the oxygen atom is not united 
to the cyanogen as a whole, but to the atom of dyad carbon, form= 
ing carbonic oxide, which then plays the part of the carbon in 
potassium cyanide. The relation of potassium cyanide to potas- 
sium cyanate is best expressed by the following rational for- 
mula ı— 
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’ s (C” 
Potassium cyanide : : : on IK 

: 1CO” 
Potassium cyanate ; F : mM i ee 


„ 
hence it follows that the constitution of cyanic acid is nl 


The change of potassium cyanide into the cyanate, which takes 
place so readily, consists therefore of the oxidation of the atom of 
carbon and in its change from the dyad to the tetrad state. 

Potassium cyanate, a crystalline salt, soluble in alcohol and 
\water, is readily obtained by dropping lead oxide into fused potas- 
ssium cyanide when the oxide is reduced to metallic lead. The 
ssalt will be more fully described under the potassium compounds. 

Cyanic acid cannot, however, be set free from this salt by a 
:stronger acid, because whenever the acid comes into contact with 
' water it isat once decomposed into carbonic acid and ammonia :— 
(co 


Ni + MO = CO, + NH, 


Cyanic acid mıay be obtained by heating a polymeric compound 
—cyanuric acid, C,N,O,H,—which is a white solid, obtained from 
urea. Cyanuric acid is not itself volatile, but when heated breaks 
up into cyanic acid, which distils over as a colourless liquid, with 
an odour resembling acetic acid. If kept below 0° it may be pre- 
served for some tinıe unchanged, but at a few degrees above this 
temperature the liquid becomes heated, and changes into a white 
solid, resembling porcelain. This compound—cyamelide—is iso- 
meric with cyanic acid, and is again converted into it on heating. 

The compounds of cyanogen, especially those belonging to 
organic chemistry, are remarkable for the readiness with which 
they change into isomeric and polymeric compounds. 


SULPHOCYANIC ACIN. 
Composition: CSNH. 


Just as fused potassium cyanide unites readily with oxygen, 
even that of the air, so also it possesses a strong attraction for sul- 
phur. Sulphur dropped into fused potassium cyanide readily com- 
bines with it, producing potassium sulphocyanate : CSNK, which 


7 
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from its analogy with potassium cyanate may be considered t 
possess the same constitution: N KR The corresponding hydro- 
gen compound, sulphocyanic acid: CSNH, is more stable than 
cyanic acid ; an aqueous solution of it may be prepared by dis- 
tilling potassium sulphocyanate with dilute sulphuric acid. The 
anhydrous acid is best obtained by passing dry sulphuretted hydro- 
gen over powdered mercuric sulphocyanate. Itthen condenses in 
the receiver as a colourless oily liquid, with a piercing odour, also 
resembling acetic acid, but when kept for a short time soon de- 
composes into hydrocyanic acid and a yellow crystalline solid 
nearly insoluble in water—erswlphocyanic acid: C,H,N3S;. 

Sulphocyanic acid or any soluble sulphocyanate can be at once 
recognized by the bright red colour which it gives with ferric 
chloride. This reaction is quite as delicate and distinct as the 
blue precipitate produced from potassium ferrocyanide and ferric 
chloride. 


Chlorides of Cyanogen. 


We areacquainted with two polymeric compounds of cyanogen 
and chlorine, one a volatile liquid and the other a crystalline solid. 
These compounds appear to stand in the same relation to one 
another as cyanic acid to cyanuric acid. 

Liguid Cyanogen Chloride: CNC], is a colourless liquid, 
boiling at 12°, solidifying at —7°, and with an exceedingly sharp, 
tear-producing odour. It is very poisonous. This compound is 
obtained by the action of chlorine on dilute hydrocyanic acid or 
on metallic cyanides in the presence of water. The simplest 
method of preparation is to lead a slow stream of chlorine intoa 
solution of potassium cyanide with twice its weight of water. kept 
cooled in ice. The solution is placed in a retort, which it only fills 
to about one-fourth, and the neck of the retort is connected with a 
tube filled partly with bright copper turnings (to absorb the excess 
of chlorine), and partly with calcium chloride (to retain moisture). 
This tube communicates with a U-tube placed in a freezing mixture 
in which the cyanogen chloride condenses. A portion of the volatile 
compound distils over as soon as it is formed ; the residue is after- 
wards obtained by heating the retort to 50°, 

Pure liquid cyanogen chloride may be preserved unchanged in 
sealed tubes, but when impure it soon changes into a solid poly- 
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eric modification. Water and alcohol dissolve considerable 
quantities without decomposition, and it can be again expelled 
rom these solutions on heating. Alkalies decompose it. Liquid 
yanogen chloride unites chemically with the chlorides of other 
lements—e.g. of antimony, boron, titanium. 


Solid Cyanogen Chloride, probably C,N,Cl,, is produced by the 
ction of chlorine on anhydrous hydrocyanic acid in bright sunlight, 
when it separates out in colourless lustrous crystals. Like the 
iquid chloride, it has a piercing odour. It melts at 145°, boils at 
190°, and is decomposed on boiling with alkalies, or even water, 
into cyanuric and hydrochloriec acids. 


Cyanogen Bromide: CNBr, and Cyanogen lodide: CNI, are 
olatile crystalline solids, and are produced by treating mercuric 
yanide or potassium cyanide with bromine or iodine respectively. 
oth possess a similar penetrating odour to that of the two 
Cyanogen iodide is often contained in commercial 





COAL-GAS.! 


Coal-gas is a complex mixture of various gases produced by 
the destructive or dry distillation of coal. The coal when distilled 
also yields a number of liquid and solid products, which are con- 
tained in coal-/ar—a thick, oily, black liquid ; and in the ammo- 
macal-Uguor—an aqueousliquid, smelling strongly of ammonia and 
»ammonium sulphide. The apparatus used in the manufacture of 
coal-gas consists of the retorts in which the coal is heated, the 
condensers for removing the coal-tar and ammoniacal-liquor, the 
purifiers for separating gaseous impurities, and gasometers for 
» storing the was. 

The reforts are made of fire-clay, and so that their cross section 
‘has a D-shape ; they are closed at one end and are arranged in 
\the furnace in a horizontal position, with their open ends projecting 
s slightly outwards. After the charge of coal has been introduced, 
U the open ends are closed by an iron plate, which can be bolted on, 
“and from which a vertical iron tube passes upwards. This iron 


! By the Editor, 
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tube, which conveys away all the products of distillation from th, 
retorts, dips under the surface of water contained in a large iro 
tube running in a horizontal position above the retorts and called 
the Aydramlic main. Most of the tar and much ofthe ammonia is 
here condensed, and when tbe liquid reaches a certain heighi 
it runs off through an opening into the /ar-well-——a large reservoit 
receiving all the Iıquid products of distillation. The gas next 
passes through a series of upright iron tubes, called afmospherü 
condensers, which are freely exposed to the air, and so cool the ga 
and condense a further quantity of liquid products. But in ordeı 
to completely remove these substances, as well as some of th 
gaseous impurities, the gas is passed through the scerzdbers, or t 
vessels filled with fragments of coke, and kept continually moist 
by a descending spray of cold water. The gas enters at the base 
ofthe scrubber and escapes near the top. It now only remains t 
remove traces of gaseous impurities, especially sulphuretted 
hydrogen, carbon disulphide, and other sulphur compounds 
which impart an unpleasant odour to the gas, and which, whex 
burnt, produce sulphurous and sulphuric acids. This final 
purification is effected in the Zwröfters, which consist of larg, 
chambers containing thin layers of dry slaked-lime or of ferric 
hydrate on shelves. The lime then absorbs the sulphuretted 
hydrogen and other sulphur compounds, together with any ca 
bonice acid which may be present, and is converted into spenk 
lime—a dırty-green amorphous mass of various compounds of 
calcium, with a very offensive odour. Ifferric hydrate is employed. 
it is converted by sulphuretted hydrogen into ferrous sulphide and 
free sulphur, and the former compound is partially oxidized on 
afterwards exposing the mass to the air. But when the quantit 
of free sulphur becomes large, the ferric hydrate can no longer 
effect the purification, and is then sent to the sulphuric acid works 
to burn out the sulphur and again obtain pure ferric oxide. Fer 
hvdrate does not remove carbonic acid, and it is, therefore, better t 
mix it with a certain proportion of slaked-lime in order to get rid 
ofthis impurity. The presence of sulphuretted hydrogen in coal- 
gas may be detected by allowing a jet of the gas to play on a piece 
of paper impregnated with a solution of lead acetate. Ifthe paper 
does not become blackened after a few seconds, the gas may be 
said to be free from this impurity. This test does not, however, 
detect the presence of carbon disulphide or other sulphur com- 


pounds. 
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The gases contained in coal-gas may be divided into three 
asses !— 

(1.) Diluents, which have practically no illuminating power, but 
which are of special value when the gas is used for heating 
purposes. These consist of hydrogen, marsh gas, and car- 
bonic oxide, and constitute from 85 to go per cent. by volume 
of the entire gas. 

(ii.) Z/fuminants, to which the illuminating power of the gas is 
due, and which consist of hydrocarbons containing more 
carbon in their molecule than marsh gas. They are some- 
times called heavy Ahydrocarbons. These illuminants are 
principally ezhylene (C,H ‚), propylene (C,H), dutylene (C,H;,), 
acetylene (C,H,), and benzene (C,H,). 

(iil.) Zmpurities, which consist of sulphuretted hydrogen, carbon 
disulphideand othersulphur compounds, together with traces 
of carbonic acid, oxygen, and nitrogen, the two latter being 
derived from the air. 

The composition of coal-gas depends upon the temperature at 
ich the coal is distilled and upon the kind of coal used. The 
also varies in composition at different stages of the distillation. 
fthe temperature is high, the heavy hydrocarbons are decomposed 
nd a large volume of gas of low illuminating power is obtained. 
d ifcannel coal is employed the gas contains a much larger 
roportion of these heavy hydrocarbons than that obtained from 
inary bituminous coal. The following table gives the compo- 
ition of two samples of coal-gas. No. ı is ordinary London gas, 
ade from a mixture of bituminous coal and a small quantity of 
nel; No. 2 is gas made entirely from cannel coal and supplied 
dthe Houses of Parliament :— 
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No. ı No. 2 

MarhGas . 2.202. 35'89 41'88 
Hydrogen . ’ E . A 5068 41'72 | 
Carbonice Oxide . ; R b 3:98 498 | 

Heavy re a 4'08 872 
Nitrogen R j : F 4'93 271 | 

\ Oxygen . . i . 0'256 none 

* Carbonic Acid . ; N ; traces none 

99'82 10001 








The greater part of the nitrogen which the coal contains is 
Mverted into ammonia during the distillation. An aqueous 
y 


Li 






















329 Text-Book of Inorganic Chemistry. 


solution of this ammonia constitutes the ammoniacal-liquor which 
collects in the tar-well. The ammonia is contained in this liquid 
partly in the free state, and partly in combination as ammoniu 
carbonate, sulphide, cyanide, &c. This ammoniacal-liquor is now 
the chief source of ammonia and its compounds. 

The coal-tar which is also found in the tar-well is a highly 
complex mixture of a large number of organic compounds. Among 
these may be mentioned the liquids—benzene and its homologues 
aniline and phenol (carbolic acid); and among the solids—paraffın 
napthalene, and anthracene When the tar is distilled the more 
volatile liquids pass over and produce a combustible mixture of 
various compounds, called coal-tar naphtha. Coal-tar is used fo 
a variety of purposes, some of which depend upon the antiseptic 
properties of the phenol which it contains, but by far the larges 
quantities are consumed in the manufacture of the beautiful coal 
tar or aniline colours. 

After the distillation is finished a considerable portion of the 
carbon present in the coal remains behind in the retorts as a grey 
porous mass, containing also the whole of the ash ofthecoal. This 
constitutes coke. At the same time, owing to the decomposition Of 
some of the heavy hydrocarbons during distillation, a layer of ex- 
tremely hard and compact carbon collects on the upper surface Of 
the retorts. This form of carbon is called gas-carbon ; it is used 
in the construction of some galvanic batteries and for highly refrac 
tory crucibles. 





TITANIUM. 
Chemical Symbol: Ti.—Atomic Weight: 48. 


This element, which in many respects is closely allied to silicon, 
is also always found in nature, combined with oxygen. 

Titanium dioxide or titanic anhydride: TiO,, either free or 
combined with bases, is the form in which the element always 
occurs. Free titanic anhydride is found in three varieties : vZle 
anatase, and brookite, which, although chemically the same, have 
different crystalline and other physical characteristics. Rutile 
crystaliizes according to the tetragonal system, anatase and brookit 
according to the rhombic, and titanic anhydride is therefore trimo 
phous. Of the other naturally occurring compounds of titaniun 
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Htanic iron, probably ferrous titanate and Zifanzte or sphene, calcium 
tanate and silicate, are the most important. 

Free titanium is obtained in the following manner. Two iron 
boats, one containing dry potassıum fluotitanate: K,TiF,, and the 
ther metallic sodium, are brought into a tube of hard glass, which 
s then filled with Zzre hydrogen. The boat containing the fluo- 
ititanate is first heated to redness, then that containing the sodium, 
o that the vapour of the metal is carried by the hydrogen over 
the hot titanium salt. By this process sodium and potassium 
uorides are produced and free titanium. If the two former com- 
ounds are afterwards extracted by hot water the titanium remains 
behind as a dark-grey amorphous powder, resembling iron which 
has been reduced in hydrogen. The element, in this pulverulent 
orm, burns brilliantly when heated in oxygen or the air, forming 
titanic anhydride: TiO,. It dissolves easily in hydrochloric acid, 
with evolution of hydrogen, probably producing a solution of 
“titanium dichloride: TiCl,. It burns when heated in chlorine, 
giving titanium tetrachloride : TiCl.. 

The material used for the preparation of titanium compounds 
is nearly always rutile. This substance, like quartz, is insoluble 
iin hydrochloric acid, but may be brought into solution either by 
fusing with caustic potash or potassium carbonate, or with acid 
potassium sulphate, or, finally, by heating with concentrated sul- 
phuric acid until the greater part of the liquid has been volatilized. 


Titanic Anhydride: TiO..— The titanium sulphate produced 
by either of the last two methods dissolves in cold water, and from 
this solution titanic acid is precipitated in white flocculent masses 
n the addition of alkalies or alkaline carbonates, and is not re- 
dissolved by an excess of these substances. The dilute aqueous 
lution of titanium sulphate is decomposed on boiling, and deposits 
ititanic acid as a white powder, which is only slightly soluble in 
concentrated sulphuric acid. 

Potassium titanate, obtained by fusing powdered rutile with 
Ithree times its weight of potassium carbonate, does not dissolve 
when the fused mass is afterwards treated with water, but forms 
acid potassium titanate, which is insoluble in water, and which can 
!therefore be purified by washing. This acid salt dissolves, how- 
ever, in cold hydrochloric acid, and when the solution is diluted 
with water and heated to boiling, titanic acid is precipitated as a 
white powder. 
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This form of titanic acid is scarcely soluble in water containing 
hydrochloric acid or ammonium chloride, but when washed with 
pure water passes in a milky state through the filter. 

The titanic acid precipitated by boiling aqueous solutions con 
taining hydrochloric or sulphuric acid always contains traces of 
the acid mixed with it, from which, however, it may be completely 
freed by digesting with ammonia, which has no action on the titanie 
acid. 

The white precipitate produced by ammonia in a cold hydro- 
chloric acid solution of titanic acid is said to have the composition ; 
Ti(OH),. This compound is easily soluble in dilute acids, but is 
converted on warming into an acid containing less water—meta 
titanic acid, of the probable composition : TiO(OH),, which is onl 
slightly soluble in acids. The titanic acid precipitated by boiling 
a sulphuric acid solution is insoluble in acids except concentrated 
sulphuric acid. 

lf metallic zine is added to a hydrochloric acid solution of 
titanic acid, the nascent hydrogen which is produced reduces the 
titanic acid to the hydrated sesquioxide. In consequence of this 
reduction the liquid becomes of a violet-blue colour, and after 4 
time, if the solution was not too dilute, a dark blue or violet blue 
precipitate separates out, which again becomes white when exposed 
to the air from absorption of oxygen. 


Titanium Sesguioxide : Ti,O,, is obtained inthe anhydrous stat 
by glowing titanic anhydride in a stream of hydrogen. Itisa black 
powder insoluble in nitric or hydrochloric acid, but dissolving in 
sulphuric acid to form a.violet solution. When strongly glowed in 
the air it becomes white, being reconverted into titanic anhydride, 


Titanium Tetrachloride: TiCl,— This compound, which 
closely resembles silicon tetrachloride, except that it is less volatile, 
is obtained, like silicon chloride, by heating an intimate mixture 
of rutile and charcoal in chlorine. It then distils over into acooled 
receiver as a heavy liquid, usually with a yellowish tinge due to 
traces of ferric chloride. When purified by redistillation its 
specific gravity is 176, and boiling point 136°. It fumes strongly 
in moist air and has a vapour density of 68, corresponding to the 
molecular formula : TiCl.. Water at once decomposes it, with 
considerable evolution of heat, into hydrochloric and titanic acids. 
Titanium chloride absorbs considerable quantities of ammonia 
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jelding a reddish-brown powder of the composition : TiC],,4NH,, 
hich is easily decomposed by moist air. 


Titanium Tetrafluoride:: TiF,, is a colourless, fuming liquid, 
btained by heating a mixture of titanic anhydride and fluor-spar 
ith concentrated sulphuric acid. 


Fluotitanic Acid: H,TiF,, which is analogous in composition 
o fluosilicic acid, is obtained by dissolving titanic acid in hydro- 
uoric acid. Ifthe aqueous solution is neutralized with potassium 
arbonate, or if potassium titanate is dissolved in hydrofluoric acid, 
r, finally, if rutile is fused with acid potassium fluoride, potassium 
uotitanate: K,TiF,, is easily obtained in the crystalline form. 
Titanium belongs to those elements which unite with nitrogen 
form compounds stable at a red heat. If titanium chloride is 
turated with dry ammonia, and the resulting solid : TiCl,, 4NH, 
eated to redness in gaseous ammonia, Zlanium nitride: Ti,N „, 
mains behind as a copper-coloured mass, with metallic lustre, 
nd which evolves ammonia when fused with solid caustic potash. 
In the slag from blast furnaces, where iron ores containing 
tanium have been used, bright-red, lustrous crystals in cubes are 
ften found, and sometimes in considerable quantities. They consist 
of a chemical compound of titanium nitride and cyanide. 





MOLYBDENUM. 
Chemical Symbol: Mo.— Atomic Weight: 96. 


Molybdenum occurs chiefly in nature as molybdenite, the di- 
sulphide: MoS,, and more rarely as ww//enite, lead molybdate: 
MoO,-O,Pb. Molybdenite, which closely resembles graphite in 
its appearance, is a soft mineral, feeling greasy to the touch, and 
easily marking paper. It is, however, heavier than graphite, and 
is further distinguished by giving an olive-green streak on porcelain, 
instead of a grey one like graphite. 

Molybdenum is readily obtained by heating one of its chlorides 
or oxides in hydrogen, when the walls of the glass tube used for 
|the reduction often become covered with a brilliant, metallic-like 
mirror of the free substance. In its physical properties, molyb- 
denum far more closely resembles the metals than the non-metals. 
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It is of a silver-white colour, with a strong metallic lustre, very 
hard, melts with extreme difficulty, and is possibly infusible when 
quite pure. Its specific gravity is 86. In the air it remains un- 
changed, and only combines with oxygen when heated to low red- 
ness. Hydrochloric acid or dilute sulphuric acid has no action on 
it. Concentrated sulphuric acid converts it into a.brown mass, 
Aqua regia easily dissolves it, and nitric acid converts it into one 
of the oxides. 

For the preparation of molybdenum compounds from molyb- 
denite, the mineral is powdered, and placed in an open, inclined 
crucible, which is then surrounded with pieces of glowing char- 
coal and heated to low redness, with frequent stirring, as long as 
sulphurous anhydride is evolved. Crude and impure molybdic 
anhydride then remains behind as a yellow powder. This com- 
pound is insoluble in water, but dissolves in aqueous ammonia, 
leaving the impurities and the unoxidized molybdenite behind. 
A further quantity of molybdenum may generally be obtained from 
the residue by roasting again as before. On evaporating down 
the ammoniacal solution ammonium molybdate crystallizes out, and 
from a solution of this salt, cautious addition of dilute hydrochloric 
or nitric acid precipitates molybdic acidasa white powder, scarcely 
soluble in water, but easily soluble in an excess of acid. 


Molybdenum forms several compounds with oxygen. We dis- 
tinguish, for example, molybdenum sesguioxide: Mo,O,, obtained 
by reduction from molybdic anhydride as a black powder insoluble 
in acids, also mo/yddenum dioxide : MoO,, which remains behind as 
a red crystalline mass when ammonium molybdate is heatedina 


closed crucible, and 


Molybdic Anhydride : MoO,, the best known oxide. Molyb- 
dic anhydride or molybdenum trioxide remains as delicate white 
crystals, yellowish when hot, on heating ammonium molybdate in 
an open crucible. It melts at a red heat, and sublimes in small, 
thin, glistening scales. Acids do not dissolve it, but with alkalies“ 
it forms soluble crystalline compounds—the molybdates. 


Molybdic Acid : MoO,(OH),, is a dibasic acid, and separates 
from a solution of any of its salts on careful addition of dilute. 
hydrochloric acid as a white crystalline powder, easily soluble in 
excess ofacid. If zinc is added to a hydrochloric acid solution of- 
molybdic acid, a blue colour is first produced which soon becomes 
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en, and finally dark-brown. These changes in colour are due 
the reduction of the molybdic acid by the nascent hydrogen. 


Among the salts of molybdic acid that of ammonium is of 
onsiderable importance in analytical chemistry ; it is used for 
e detection and estimation of phosphoric acid in acid liquids 
ontaining other compounds. If such a liquid containing phos- 
shoric acid—for example, the aqueous or acid extract of a soil or 
manure—is mixed with an excess of a solution of ammonium 
olybdate strongly acidified with nitric acid and then warmed, 
a yellow crystalline precipitate of the composition : 11MoO,, 
O(ONH )„6H,O, and containing the whole of the phosphoric 
cid, is thrown down. This precipitate is insoluble in water or 
ilute acids, but easily soluble inammonia. Ifthis yellow compound 
is boiled with aqua regia, the ammonia is destroyed, and on allow- 
ing the solution to evaporate at the ordinary temperature, Phospho- 
Iybdic acid: 11 MoO,„PO(OH),„ı2H,O, cerystallizes out in yellow 
isms. The acid is easily soluble in water, and produces, with 
acid solutions of ammonium salts or nitrogenous organic bases, 
yellow compounds which are insoluble in dilute acids. 

Ammonium molybdate, when mixed with an acid solution of 
arsenic acid or an arsenate, produces a similar yellow insoluble salt. 


Several chlorides of molybdenum are known as: MoCl, 
!MoCl,, MoCl,, MoCl,, and MoCl, ; besides these two oxychlorides 
«of hexad molybdenum also exist, viz.: MoOCI, and MoO,Cl,. 





TUNGSTEN. 
Chemical Symbol: W.— Atomic Weight: 1384. 


This element resembles molybdenum in many respects, but is 
* distinguished from it by the high specific gravity of the free element 
“ and of its compounds. 

Tungsten never occurs free in nature, and its compounds are 
‘ only found in small quantities. The best known of the tungsten 
' minerals are wo/fram (ferrous and manganous tungstate) and schee- 
‚ Lite (calcium tungstate), the former of a dark grey colour with a 
' specific gravity of 7°5, the latter consisting of white crystals also 
remarkable for its high specific gravity. 
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Tungsten, prepared by the reduction of tungstic anhydride in a 
stream of hydrogen at a bright red heat, forms small grey crysta 
line particles, which under the burnisher become lustrous like 
iron. Its specific gravity is about 19, and thus nearly approaches 
that of gold. It is only difficultly fusible, especially in large 
quantities, is brittle, and so hard that it scratches glass. At the 
ordinary temperature it remains unchanged in the air ; but when 
it is heated in the pulverulent form it burns easily, and pro 
duces tungstic anhydride. Hot nitric acid oxidizes it to the same 
product. 

Of the oxides of tungsten, the dioxide, WO,,is known as a 
brown powder insoluble in hydrochloric or nitric acid. More im 
portant than this is the trioxide— 


Tungstic Anhydride: WO,, which remains behind as 
yellow powder, insoluble in water and acids, when powdered 
wolfram is heated with nitric acid, while the iron and manganese go 
into solution. It may also be obtained by acting on scheelite with 
nitric or hydrochloric acid. This yellow tungstic anhydride dis 
solves readily in alkalies (including ammonia), forming soluble 
crystalline salts—the /ungstates. From a cold solution of these 
salts dilute acids precipitate white Zurzgstic acid of the composition : 
WO(OH),, which, when dried over sulphuric acid, passes into the 
dibasic acid: WO,(OH),, and when heated to the boiling point of 
water is converted into yellow tungstic anhydride. 

If tungstic acid is precipitated from a solution of atungstate b 
hydrochloric acid, and then a piece of zinc added to the acid liquid, 
a beautiful dark blue colour is produced, due to a soluble oxide of 
uncertain composition, and which, when exposed to the air, again 
oxidizes to tungstic acid. 

The normal tungstates are salts of the dibasic acid: WO,(O 
Others, however, possess a more complex composition ; for exam- 
ple, the metatungstates of which the sodium salt has the formula: 
Na,W,O,,+10H,0. The common sodium tungstate of commerce“ 
is still more complex, and has the composition: Na,W .0O,,: 

Corresponding to phosphomolybdic acid isa hosphotungstic 
acid of similar composition. And a remarkable double compound. 
of tungstic and silicic acids is known—szlicofungstic acid, the 
soluble and crystalline compounds of which are obtained by boil- 
ing acid alkaline tungstates with gelatinous silicie acid. 

Like molybdenum, tungsten unites in several proportions with, 
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lorine. The hexachloride: WCI,, corresponding to tungstie 
hydride, forms a dark violet mass, melting at 275° to a red 
iäquid, and boiling at 346°. It is decomposed by water into 
ungstic and hydrochloric acids. This compound may be obtained 
aYy moderately heating free tungsten in a stream of pure chlorine. 
blorides of composition: WCI,, WCl,, WCl,, are also known. 
orresponding to tungsten hexachloride are two oxychlorides: 
WOCI, and WO,CI,, both solid erystalline substances. 

Tungsten, when alloyed, in small quantities, with iron, increases 
ts hardness ; steel containing about 5 per cent. of tungsten— 
own as /Zungsten-steel—is distinguished by its great hardness. 





VANADIUM. 
Chemical Symbol: V. —Atomic Weight: 31'3. 


Vanadium belongs to the rarer elements, although it is widely 
distributed in minute quantities ; it occurs especially in certain 
res ofiron. Vanadic acid is usually prepared from these iron 
res, the mineral vanadinite—lead vanadate— being too rare to 
erve for the preparation of vanadium compounds. Considerable 
quantities of vanadium compounds are now obtained in England 
rom a mineral called »zo/framite, a double vanadate of lead and 
pper, occurring in Lancashire. 

Vanadium, obtained by glowing the dichloride in pure hydrogen, 
a grey powder of specific gravity 5°5, which remains unchanged 
inthe air, and can be raised to redness out of contact with air with- 
ut melting, but when heated in the air burns to form vanadic 
hydride. It also unites readily with nitrogen at a red heat. It 
is insoluble in hydrochloric acid, but dissolves easily in nitric acid 
oa blue solution. Fused with caustic soda, hydrogen is evolved, 
d sodium vanadate produced. 

Öf the oxides of vanadium the best known is :— 

Vanadic Anhydride: V,O,, analogous in composition to phos- 
horic anhydride, and, like this, forming an acid, but little known 
inthe free state, which is tribasic. Vanadic anhydride, obtained 
\by gently roasting ammonium vanadate, isa reddish powder, which 
Its when heated to redness, and crystallizes on cooling. It is 
'slightly soluble in water, giving a solution of a yellow colour, but 
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dissolves easily in acids or alkalies, forming with the latter soluble 
cerystalline vanadates. E 

Metallic zinc brought into contact with a hydrochloric acid 
solution of vanadic acid produces first a blue colour, which after. 
wards changes to green. 

The extraction of vanadic anhydride from iron ores containing 
vanadium may be carried out in the following manner. The ores 
are finely powdered, mixed with nitre and heated. The mass, 
which contains potassium vanadate, is then extracted with water, 
nearly neutralized with nitric acid and then precipitated with 
barıum chloride. Insoluble barium vanadate is thus produced, 
which is washed with water, and then decomposed by boiling with 
sulphuric acid. The acid liquid is then separated from the barium 
sulphate, neutralized with ammonia, concentrated, and solid pieces 
of ammonia chloride added, when ammonium vanadate, which is 
soluble in water, but insoluble in ammonium chloride, graduall 
separates out. This salt, when washed with ammonium chloride 
solution, dried and gently heated in an open crucible, leaves vanadic 
anhydride behind. 





NIOBIUM AND TANTALUM. 


These rare elements are but little known either in the free state 
orin combination with other substances. Their compounds are 
most nearly related to those of vanadium. They both form anhy- 
drides, corresponding to vanadic anhydride, and having therefore 
the composition: Nb,O, niobic anhydride and Ta,O, tantalic an- 
hydride, in which the elements are pentads. 

Niobium and tantalum nearly always occur associated with one 
another in nature ; they are found in the minerals co/wmnbite an 
Zantalite, which are essentially ferrous niobate and tantalate, in 
samarskite, aniobate and tantalate of the metals of the yttrium an 
cerium groups, and in some other still rarer minerals, from which 
the oxides are best extracted by fusion with acid potassium sulphate. 

Niobic and tantalic anhydrides are white powders, yellow when 
hot, and insoluble in water, acids, or alkalies. They are principally 
distinguished from one another by their very different specific 
gravity. 


N‘ 
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tHE classification of the elements into the two great divisions, 
etals and non-metals, dates from a time when a number of 
ysical properties were ascribed to the metals, which were 
ought to be peculiar to them and which were considered suit- 
le for their distinction from the non-metals. Such characteristic 
d peculiar properties of the metals were, for example, their 
stre (whence the term ‘metallic lustre’), their conductivity for 
eat and electricity, a high specific gravity (exceeding 6), opacity to 
ght, and others. 

Wenow know that not one of these physical characteristics 
elongs exclusively to the metals. lodine, tellurium, and graphite 
ssess metallic lustre. Tellurium conducts heat, and graphite, as 
ellas selenium (in a less degree) conduct electricity. On the 
ther hand, metals are known—e.g. potassium and sodiun—of 
hich the specific gravity is not only less than 6, but which are 
ven lishter than water. 

The exact meaning, therefore, ofthe words »ze/al and non-metal 
annot be sharply defined—it is impossible to say what properties 
re exclusively peculiar tothe former and what to the latter, just as 
t is irnpossible to exactly classify any series of natural substances. 

This, however, by no means prevents us from grouping to- 
ether, according to artificial rules, certain classes of natural 
>henomena and substances which possess some similarity with 
ne another ; and by so doing we not only obtain a clearer con- 
eption of the entire subject, but also make it easier for the 
dent. 

It cannot be denied that amore comprehensive view of the 
ore than sixty elements known to modern chemistry is obtained 
f we classify those resembling one another into certain groups. 
This has already been done with the elements of the sulphur and 
nitrogen groups, and with the halogens. For thesame reason, it is 
erefore advisable to retain the division of the whole of the ele- 
ments into non-metals and metals; and since the application of 
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certain physical properties for a sharp classification has proved 
useless, we must seek for other peculiarities which shall serve to 
separate oxygen, hydrogen, carbon, the halogens, the members of 
the sulphur and nitrogen groups, &c., from potassium, aluminium, 
zinc, lead, silver, &c., when writing or speaking of chemical facts. 
An artificial classification of the elements cannot be obtained 
from their ZAysical properties, and we must therefore base our 
divisions on their cAemzcal behaviour. For this purpose we can 
use the chemical character of their compounds with oxygen. 
The larger number of the elements when united with oxygen 
produce oxides of a basic character, the other elements product 
almost exclusively oxides with acid properties. To the latter class 
belong those elements which we have as yet discussed, and which 
are called non-metals. Those elements of which the oxides usually 
possess basic properties are the metals. 
That this division of the elements into non-metals and metals 
is an artificial and not a natural classification, and that it canno! 
therefore be consistently carried out, is proved by the following 
considerations :—(1.) Oxygen belongs to neither class ; but is 
reckoned with the non-metals. (ii.) Hydrogen often plays the part 
of a metal, and its oxide, water, behaves sometimes as a base and 
sometimes as an acid. (iii.) Antimony, although included under 
the non-metals, forms a basic oxide with oxygen—antimonous 
oxide. (iv.) The metals manganese and. chromium form oxides 
of acid properties—manganic and chromic anhydrides—as well as 
others of basic properties. (v.) The basic oxides of many metals 
e.g. lead oxide, zinc oxide—play the part of acids in some com 
pounds. Lead oxide, which combines with nitric acid to fo 
lead nitrate, also unites with potash and forms a salt—potassium 
plumbite. In the former compound it plays the part of a base, in 
the latter that of an acid. 
It is clear, therefore, that the division of the elements accord- 
ingly as they produce acid or basic oxides cannot, like every oth 
artificial classification, be carried out in every particular; it i 
only suited to separate certain elements which differ from one 
another in certain important particulars. 


The Chemical Constitution of Salts. 


With the definition of a metal is connected that of a salt, since 
all salts of inorganic. chemistry (if we consider ammonium asa@ 
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etal) are metallic compounds; and a short, accurate definition 
fa salt is scarcely easier than that of a meial. 

On p. 78 it has been stated that salts are produced by the 
ion of acids with bases, which tells us how they are produced, 
ut'not of what they actually consist. 

Salts are binary compounds consisting of an electro-positive 
nstituent—e.g. a metal, and an electro-negative ! constituent— 
‚sg. a halogen or acid radical. They are usually decomposed by 
lectrolysis into these two constituents—the former separating at 
e negative, the latter at the positive pole. Common salt (sodium 
hloride) when fused or dissolved in water is decomposed by an 
lectric current into chlorine and sodium, of which the former 
oes tothe positive pole and the latter to the negative. In the 
resence of water the sodium is decomposed, so that instead of 
dium we obtain hydrogen and sodium hydrate at the negative 
ole. 

Salts of this kind contain a metal in dzrec/ union with a nega- 
ve element, the halogen. They are called Aulord-salts because 
nly the halogens and the compound substances resembling them, 
nogen, sulphocyanogen, &c., but not the other non-metals, can 
us unite directly with the metals to form salts. 

Another class of salts, called amphrd-salts, consist also of an 
lectro-positive and electro-negative constituent, which, however, 
re not directly united with one another, but are combined 
hrough the intervention of one or more atoms of oxygen or sul- 
hur. Ifthe uniting element is oxygen, the compound is called an 
oxysalt, if sulphur a sudlphosalt. 

A haloid-salt may be converted into an oxysalt by the intro- 
uction of an atom of oxygen—for example, in the conversion of 
odium chloride into sodium hypochlorite: NaCl+ © = NaOCl, in 
which the sodium and chlorine are not now directly united with 
ne another, but through the atom of oxygen, common to both. 
The negative portion, and sometimes the positive portion also, 
f the oxysalts usually consists of a compound radical. Thus, 
otassium nitrate: NO,'OK, contains the monad radical nitric 
eroxide (nitryl): NO,, sodium sulphate: SO, re contains the 


Ayad radical sulphurous anhydride (sulphuryl) : SO,, and sodium 


! Using the obsolete but convenient nomenclature of the electro-chemical 
“theory, — En. 
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ONa 

phosphate : Po|ONa the triad radical: PO, which has not ye 
ONa 

been isolated. Andthese three acid radicals are all united to theii 

respective metals—the positive portion of the salt, by one, two, o) 

three atoms of oxygen respectively.‘ Two metals may also be 

united with one another by oxygen, as in potassium plumbite 

( : : ’ ’ 

Pb 108 in which the lead is the negative element, and the potas- 

sium the positive. 

As an example of the sulphosalts may be mentioned the com 

pound produced by the combination of carbon disulphide witl 

potassium sulphide, potassium sulphocarbonate : ag corre 


sponding to ordinary potassium carbonate: co4 SE in which 


compounds the respective oxygen and sulphur atoms may displace 
one another. For although a compound of the composition 


co Ir is at present unknown, the previously described (p. 168 


SK 
h ; . [ONa . m 
sodium thiosulphate : SO, |SNa ® an example of these little 
known inorganic compounds. In organic chemistry they are much 
more numerously represented. 
Besides these two elements, oxygen and sulphur, it als 
appears that in certain cases the element fluorine can assume 
dyad character, and so serve to unite the negative and positive 
portions of a salt (p. 136). 


We also distinguish salts called normal acid, and basic salts 
Monobasic acids—2.e. those containing only one atom of hydrogen 
displaceable by one atom of a monad metal, eg. nitric acid: 
NO,-OH-—-can only form normal salts with monacid bases—2.8 
those containing only one atom of hydrogen displaceable by a 
acid radical, e.g. caustic potash: KOH. 

Acid salts can only be produced from polybasic acids—2.e. those 
which contain more than one atom of displaceable hydrogen, as 
sulphuric or phosphoric acid, when a portion of their hydrogen is 


displaced by a metal (comp. p. 56). In the same manner, basic 
s (OH 
salts are formed from polyacid bases—e.g. lead hydrate : Pb \OH 


v 


1 The electrolysis of such an oxysalt has already been explained (p. 79).—ED. 
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[ zu 
d ferric hydrate: Fe IEE when a portion only of their hydro- 
OH 


en is displaced by an acid radical or by a haloid. The following 
re some examples of basic salts :— 


DENT 
Basic lead nitrate : i \ . Pb | nt O, 
Basic lead chloride . ; f RG | En 
(ONO, 
Basic ferric nitrate . ‚ j . Fe- OH 
(OH 
; ; 0,50, 
Basic ferric sulphate . . i . Fe \oH 
Basic ferric chloride . : . . Fe Cl, 
IOE 


Many compounds which are called basic compounds, but which 
o not contain the acid radical or haloid and the metal in equiva- 
ent proportions, are best considered as mixtures of a normal salt 
and a metallic hydrate. Thus the basic antimonous chloride, 
ferred to on p. 257, and sometimes represented by the formula: 


( ; ö u : ; 
b | a contains varying quantities of oxygen and chlorine united 


ith the same quantity of antimony, and is, therefore, better con- 
sidered as a mixture of antimonous chloride: SbCl,, and anti- 
onous oxide: Sb,O,. 
OH 
Atriacid base—e.g. aluminium hydrate : Al- OH requires three 
(OH 
olecules of monobasic acid in order to produce anormal salt, 
'hile at the same time three molecules of water are also produced : 
AKOH),+3NO,OH =AlO,(NO,),+3H,0 ; and in the same way 
a molecule of the same base will require only one molecule of a 
tribasic acid : AUUOH), + PO(OH),=AlO,-PO+3H,0O. If, how- 
ever, we have a dibasic acid united to the same triacid base, we 
‚shall require three molecules of the former to two of the latter. 
Thus, normal aluminium sulphate is produced in this way :— 


2Al(OH), + 3S0,(0H), = AI,O,(SO,), + 6H,O. 


Normal salts may also be produced by the union of two mole- 
eules of a dibasic acid with one ofa triacid, and one ofa monacid 
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base. Common alum: 1031250, for example, is a normal 


sulphate of the two metals aluminium and potassium, and is thus 
formed :— 
ANOHj KOH - AIO,] | 
)) + RK + 2S0,(0H), = KO‘) 250, + 4H,0 

From these examples it will be seen that a salt may be defined 
either as an acid in which the hydrogen is displaced by a metal, or 
as a base in which its hydrogen is displaced by an acid radical, or 
its hydroxyl by a haloid element or some similar group of elements 
The normal salts often have no action on vegetable colours 
z.e. are said to be neutral, and hence this class of salts is sometimes 
called neutral salts. But some normal salts have a strong alkaline 
or acid reaction, and even some acid salts react occasionally alka: 
line, while, on the other hand, some acid salts possess a neutral 
reaction. Red litmus paper is strongly blued by normal potassium 
ER OR 

carbonate: CO IOR and by normal potassium phosphate : polo x 
(OK 

and even faintly by monacid potassium phosphate : PO!OK On 


. ; (ON 
the other hand, acid sodium carbonate : CO Ion reacts neutra 
The cause of this is that the strongly basic properties of potassium 
hydrate are not neutralized by the weak carbonic acid, and that 
phosphoric acid, although one of the strongest acids, does not 
completely neutralize the potash in the monacid phospnate. 


Double Salts —Compounds in which the chemicai affinities of 
the combining atoms are completely satisfied are called satwrated 
compounds. Such, for example, are potassium chloride: KCl, and 
platinum tetrachloride : PtCl,. And it might be thought that thes 
two compounds could not be capable of any further combinatio 
But in spite of this they both unite to form a double, and very sale 
salt ofthe composition: 2KCI,PtCl,. Andalarge number of other 
similar double salts are also known. 

In most of these cases where perfectly saturated compounds 
can unite with one another chemically and form new compounds, 
we are unacquainted with the forces which cause this union. Such 
compounds have been called wolecwlar compounds—t.e. compounds 
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duced by the chemical union of molecules. This expression, 
f course, explains nothing, but simply states that the molecules of 
turated compounds are capable of uniting with one another to 
oduce new compounds. 
The constitution of the haloid double salts may be expressed in 
ae following manner. From a consideration of the composition 
fnumerous double fluorides, it appears that two atoms of monad 
orine can coalesce to form what plays the part of a dyad atom. 
"hus inthe compound KF, HF (comp. p. 136), we can consider 
aat the two monad atoms of fluorine unite to form one dyad atom 
f double the atomic weight, which maybe indicated by the symbol 
This double compound then becomes KFH, analogous to 
OH. Just in the same manner the double chloride of potassium 
d platinum, which may be written: 2KCl,(PtCl,)Cl,, may be 
nsidered as two atoms of potassium united with the dyad radical 
tCl, by the other four atoms of monad chlorine, which have 
oalesced to form two dyad atoms, thus :— 
K,Cl, (PtCl)ch, = Klpccı, 


e) 
In the same manner the double iodide of potassium and mercury: 
KI, Hgl, may be written: KH Hg, and the double cyanide of po- 


sium and silver, KeyAg. The constitution of the potassium 
rrocyanides, as well as other similar compounds, may be inter- 
reted in the same way. 

The oxysalts also unite together to form double salts. Zinc 
ulphate, for example, unites with potassium sulphate to form the 
ompound : SO,O,Zn + SO,(OK), + 6H,O, which is produced from 
inc sulphate by the substitution of a molecule of water of consti- 
ution, by potassium sulphate. 





SPECTRUM ANALYSIS. 


It has been previously mentioned (p. 308), that a non-luminous 
ame becomes luminous when a solid body is raised to incande- 
scence in it, and then emits white light. But if metallic compounds 
te introduced into such a flame and there volatilize, for which the 
etallic chlorides are best adapted, the heated vapour of the 
metal imparts a colour to the flame, peculiar to each. Thus 
z 
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compounds of sodium colour the flame an intense yellow, those o| 
potassium violet, and those of lithium crimson. But owing to thı 
similarity of many of these colours when viewed by the naked eye 
they are not always suitable for directly determining which metal 
may or may not be present. It is often difficult to say by mere 
observation whether a given flame is coloured red by strontium ot 
calcium, or whether a fame coloured yellow by sodium, also con- 
tains potassium, since the bright yellow sodium flame can com 
pletely mask the violet colour due to potassium compounds, ever 
when the latter substance is present in considerable quantities. 

But something quite different is observed if, instead of simply 
looking at a flame with the naked eye, we allow the light to fal 
through a narrow slit on to a triangular prism of glass and ther 
magnify the bent rays of light by a telescope. Light of differen 
ecolours in passing through the prism is differently bent, and 
ordinary white light gives a band of colours extending from red 
violet—a so-called continuous spectrum. The light from a glow 
ing gas is broken up into its constituent parts in the same wa 
the spectrum in this case will not, however, be a continuous one 
but will consist of bright lines separated by more or less da 
spaces. And these bright lines always appear in those parts 0 
the spectrum to which they belong; thus the red lines will alway 
be in the red, the blue in the blue portion, and so on—each gaseou 
element having its own peculiar spectrum. 

The coloured table of spectra forming the frontispiece show 
firstly the continuous spectrum of sunlight and then'the spectra of 
ten metals, which differ much from one another, both with regare 
to the number and to the position of their lines. Sodium, lithium, 
thallium, and indium possess at the most two lines each, whil 
caesium, rubidium, strontium, calcium, and barium have much 
more complex spectra. Caesium, strontium, and indium have all 
blue lines, but their position, when compared with the same scale, 
is different. Asis shown in the table, the blue strontium line is 
most to the left, then follow the two blue lines of csium more to 
the right, and still further to the right is the blue indium line. 1 

A substance which is supposed to contain thallium, and which 
like thallium gives a green line but in a different position—either 
more to the right or to the left—certainly does not contain this 
metal. Such an observation would rather point to the existence 0 
a new (hitherto unknown) element ; for, as previously remarked, 
the position of the bright lines in the spectrum of any one element 
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s always the same under all conditions. In this way the new metals, 
-ubidium, caesium, thallium, indium, and gallium, have been dis- 
overed by the aid of spectrum analysis, and it is extremely probable 
hat others will be added to this list. And although, as previously 
'ntimated, potassium compounds, even when present in consider- 
hble quantity, cannot be recognized by the naked eye in a flame in 
which sodium is volatilized at the same time, if we allow the light 
co fall through a slit and decompose it by the prism, the lines of 
oth metals are easily seen in the spectrum. 

The apparatus for spectrum analysis—called a spectroscope— 
as devised by Bunsen and Kirchhoff, to whom this delicate method 





chemical analysis is due, is shown in one of its simplest forms 
nfig. 58. Onan iron stand are fastened three brass tubes, and 
ween these is placed the glass prism. At the outside end of 
the tube Ais a narrow slit, which can be widened or contracted 
t will, and through which the light from the heated substance 
ses on to the glass prism ; the spectrum so produced is then 
bserved through the telescope B. The third tube, C, contains a 
‚small reduced photographic scale, illuminated by a small gas flame 
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- placed in front of it, and an image of which is thus reflected fron 
one face ofthe prism into the telescope B. This serves to fix the 
position of any line ina given spectrum. All extraneous light must 
of course, be excluded from the prism by covering it with a black 
ened box or cloth. 

A little practice with the spectroscope soon enables one t« 
determine the presence or absence of any metal in a given sub 
stance. 

Those metals which are only volatilized with dificulty (eg 
iron), and which therefore do not become gaseous in the gas ame 
are investigated by allowing powerful electric sparks to pass between 
poles of the metal, or between small carbon poles saturated with 
a solution of its chloride. Gases yield spectra in the same way 
Hydrogen, when heated by the passage of electric sparks, appears 
bright red, and its spectrum consists essentially of a bright red, 2 
green, and a blue line. 

The results of spectrum analysis have also made it possible ta 
determine the composition of the sun and other fixed stars. And 
in no heavenly body has an element been discovered which is un 
known on the earth. 

The great delicacy of spectrum analysis makes it especially 
valuable for chemical purposes. Most minute quantities of variou 
metals, which it was previously quite impossible to detect, can by 
recognized with the greatest certainty by spectrum analysis. 
has been calculated from experiments that one hundred-thousandtl 
part of a milligramme of lithium chloride, and even one three. 
millionth part of a milligramme of sodium chloride may be easily 
detected by their spectra. 





CLASSIFICATION OF THE METALS. 


It has been repeatedly attempted to discover some physical or 
chemical properties of the metals which might serve to classify 
them into a series of divisions and sub-divisions. But, however 
desirable such a classification may be in simplifying the study of 
this large group of elements, all such attempts have only strength- 
ened the conviction that the metals cannot be exactly divided 
upon any natural system into a number of distinct classes, and 
that, if such a classification is made, it must be according to some 
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ifcial rules. The properties of the oxides and sulphides of the 
etals may serve as the basis of such an artificial classification. 

One class of the metals forms oxides, or rather hydrates, which 
re easily soluble in water, the solutions of which have a powerful 
Ilkaline reaction; these hydrates are called the alkalies, and the 
rresponding metals the weials of the alkalies. The following 
ve metals belong to this class—viz. Pofassium, sodium, lithium:, 
bidium, and cesium, and the hypothetical compound metal 
Hmmonltmm. 

A second class also yields soluble oxides, though far less 
luble than the alkalies. These oxides also react faintly alkaline, 
ut are at the same time allied to. the oxides of the next—the so- 
led eartks—and their corresponding metals are therefore called 
he metals of the alkaline earths. In this class the metals calcınm, 
Hrontium, barium, and magnesium are included. The last-named 
etal, of which the oxide is only very slightly soluble in water, forms 
. connecting link with the next group. 

The third group, of which the oxides are completely insoluble 
n water, and are called earths, are the meials of the earths. The 
"hief representative of this group is aluminium, with which are 
sociated the rarer metals, dberylium, indium, gallium, yltrium, 
rbium, cerium, lanthanum, didymium, and zirconium, as well as 
ome still rarer elements. 

The sulphides of this group (except indium) are not produced on 
e addition of sulphuretted hydrogen or an alkaline sulphide to a 
olution of one of their salts. The precipitate produced on adding 
odium sulphide or ammonium sulphide to their solutions usually 
Sonsists of the insoluble hydrate, while sulphuretted hydrogen is 


ALCl, + 3Na,$ + 6H,O = 2Al(OH), + 6NaCl + 3H,S. 


A fourth class includes those metals of which the sulphides are 
soluble in water, but mostly soluble in diluteacids. "IT’hese com- 
ounds are precipitated on adding an alkaline sulphide, such as 
monium sulphide, to a solution of one of their salts. They are 
not, however, produced when sulphuretted hydrogen is led through 
acid solution of their salts. The metals of this groupare: zron, 
nanganese, chromium, uranıum, cobalt, nickel, and zinc. 

. The fifth group includes those metals of whichthe sulphides are 
ansoluble both in water and in dilute acids, and are therefore 
'precipitated when sulphuretted hydrogen is ledthrough an acid 
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solution. They are: /ead, thallium, bismuth, cadımium, fin, and 
copper. 

The metals belonging to the fourth and fifth groups are some 
times called the keavy metals. 

The heaviest or so-called »odle metals are: mercury, silver, gold, 
platinum, iridium, palladium, rhodium, ruthenium, and osmiu 
The sulphides of this group are also insoluble in dilute acids. 

We now proceed to the discussion of the metals arranged in 
these six classes. 





The Metals of the Alkalies. 


At the commencement of this century it was universally believed 
that every metal must possess a comparatively high specific gravity 
—1.e. be considerably heavier than water (see p. 331). But when 
the metals of the alkalies were discovered by Davy this opinion 
was shown to be incorrect. Potassium and sodium are lighter than 
water, and lithium, which was discovered later, is only about one. 
half as heavy. 

The metals of the alkalies are characterized by their strong 
chemical affnities for negative elements, and are therefore well 
adapted for withdrawing oxygen, sulphur, chlorine, &c., from com 
bination with other elements. They belong to our most powerful 
reducingagents. Water is decomposed by them even at the ordi 
nary temperature of the air. Their oxidesand sulphides are easily 
soluble in water and are powerful bases. With the halogens the 
produce, like most other metals, neutral compounds, all of which 
are soluble in water. 





POTASSIUM. 
Chemical Symbol: K.—Atomic Weight : 39. 


B 
The strong attraction of the metals of the alkalies, and especially 

of potassium, for oxygen, makes it impossible for them to occur i 
the free state in nature. Potassium is chiefly found in the mineral 
kingdom in combination with oxygen and silica as a silicate, and 
in this form is a constituent of potash felspar ; it also occurs, 
united with chlorine, as potassium chloride. The upper layer of 
the salt deposits at Stassfurth in Germany consists principally of 
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tassium chloride, which is largely used for the manufacture of 
ther potassium compounds. 

Potash felspar (orthoclase), which may be considered as a 

double compound of aluminium silicate and potassium silicate, and 
hich is one of the constituents of granite, gradually becomes 
isintegrated under the influence of frost, and is then decomposed 
Jy water containing carbonic acid into insoluble aluminium silicate 
«clay) and soluble potassium silicate, or carbonate, which fertilizes 
e soil. 
Nearly all land plants require potassium compounds for their 
growth and even for their existence, just as we require salt in our 
ood. These potassium compounds are absorbed by their roots 
d converted in their structure into potassium salts of organic 
cids. And when the plants are burnt nearly the whole of the 
tassium which they contain remains behind as potassium car- 
onate or potash. This was formerly the material from which 
otassium compounds were almost exclusively prepared. 

Potassium is a silver-white metal with a bright lustre. Its 
specific gravity is 0°87, it melts at 62°, and can be distilled at a 
red heat in a stream of hydrogen, giving a vapour ofa bright green 
colour. Atthe ordinary temperature the metal is soft and can be 
easily moulded or cut with a knife, but at 0° it is hard and brittle. 
In consequence of its strong attraction for oxygen, the freshly-cut 
surface is only lustrous for a moment, and immediately afterwards 
becomes covered with a thin layer of oxide of a bluish colour. 
The white lustrous surface can only be preserved by melting the 
metal in a glass tube filled with hydrogen, then exhausting the 
gas, sealing up hermetically, and allowing the liquid metal to 
Spread over the tube. When slowly cooled, the metal can some: 
times be obtained in the crystalline form. 

Potassium is now never prepared by the process by which 
I Davy first obtained it—the decomposition of fused caustic potash 
!byan electric current—as this only yields a very small quantity 
“at one time. Itis far better to reduce potassium carbonate with 
©charcoal at a red-heat. The chemist is no longer compelled to 
! prepare his own potassium, as it is now manufactured in chemical 
\works at a far cheaper rate than it can be prepared in small 
“ quantities. Nevertheless, potassium is still an expensive sub- 
‘ stance, principally because it is only used in small quantities in the 
“arts. Its price is about 65. per ounce. 
To obtain a good yield of potassium from potassium carbonate 
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and carbon, it is very necessary that the two substances should b 
mixed together as intimately as possible. Andasthis can scarcely 
be done by mechanical means, it is better to employ some organic 
salt of potassium rich in carbon, of which purified tartar, acid 
potassium tartrate, is the most suitable. The salt is heated in a 
covered crucible, first gently and then to redness, and the carbona- 
ceous residue, consisting of an intimate mixture of potassium car- 
bonate and charcoal, is then introduced into an iron retort. The 
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Fig. 59. 


retort is afterwards heated to whitenessin a furnace, and the potas- 
sium vapour which distils over condensed in a suitable receiver. | 

One of the wrought-iron bottles in which mercury is imported 
answers well for the retort. It lies in the furnace in a horizontal 
position, supported on iron bars, as shown in fig. 59. A short 
wide iron tube, open at both ends, is screwed air-tight into the re- 
tort and leads to the upper part of the receiver, which contains a 
little naphtha, and is cooled externally by ice. The potassium then 
condenses in the receiver and collects under the naphtha. 

The operation is not without danger, for the iron tube may easily 
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ecome plugged with substances less volatile than the potassium, 
nd so produce a violent explosion. Great care must therefore be 
ken to keep this tube free from obstruction. This can be done 
y frequently inserting an iron wire bent into a corkscrew shape 
rough a hole in the condenser into the tube and moving it back- 
ards and forwards.! 

The potassium which condenses in the receiver is afterwards 
ctitied by distilling it in an earthenware retort, or in one of hard 
‚lass, covered externally with a layer of clay. It is thus obtained 
small pellets of about the size of a hazel-nut, which, if kept under 
aphtha in well-closed bottles, can be preserved for a long time. 
[hey are generally coated with a thin brownish crust. 

If potassium is exposed to theair it takes up oxygen, water, and 
arbonic acid, with evolution of heat, and becomes converted into 
ı mixture of potassium hydrate (caustic potash) and potassium car- 
onate, which gradually becomes a syrupy solution of potassium 
zarbonate :— 


u 2KOH + H, 


nd 
2K0OH + C6, = COOK), . + H,O, 

When heated in the air potassium burns with a violet flame 
d produces its peroxide. The metal decomposes water at the 
rdinary temperature with a large evolution of heat, and appears 
o burn with a violet flame when thrown upon water. What really 
urns is the hydrogen which the potassium liberates from the 
water in its conversion into potassium hydrate, and which is ignited 
Dy the large amount of heat evolved during the reaction. The 
iolet colour of the burning hydrogen is due to small particles of 
otassium with which it is mixed. 

Potassium also burns in chlorine, and forms potassium chloride. 
the ordinary temperature it does not unite with hydrogen. But 
t 200°, and especially between 300° and 400°, it begins to absorb the 
as and becomes changed into a lustrous, brittle, crystalline sub- 
tance, which catches fire on exposure to the air, and is again de- 
Komposed at a higher temperature. This compound may have the 
omposition: KH. 

? Violent explosions are also sometimes produced in the manufacture of 
'potassium by the formation of a peculiar plack compound of potassium and 

on which very easily decomposes, "These explosions may be prevented 
if the potassium vapour is rapidly cooled by attaching a flattened receiver to the 
ron deliverytube. This exposes a large surface to the air and so rapidIy cools 
the hot vapour.—En, 
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COMPOUNDS OF POTASSIUM. 


Potassium unites with oxygen in two proportions, to form 
Potassium oxide: K,O, and Zotassium peroxide:- KO, In the 
former of these, and all its other compounds except the peroxide, 
the metal plays the part of a monad;; in the latter it appears tq 
have a higher atomicity. Both compounds are only of theoretica 
interest. 

If potassium is heated in dry oxygen or air, it forms not the 
oxide but the peroxide as a yellow powder, which melts at a highe 
temperature and solidiies on cooling to a crystalline mass. Thi 
peroxide is decomposed by water, or even by exposure to moist ai 
forming caustic potash, and giving off oxygen. 

Potassium oxide: K,O, which cannot be obtained by henting 
potassium in oxygen, is produced when caustic potash is fused with 
as much potassium as it already contains: KOH+K=K,0+H 
It is a white powder, which melts at a red-heat, energetically 
attracts moisture from the air, and in contact with water becomes 
converted into potassium hydrate, with a large evolution of heat 
K,0+H,0=2R0H, 


Potassium Hydrate, Caustic Potash: KÖH.— This important 
compound is a white crystalline solid, melting to a clear liquid at 
a red-heat. It is strongly alkaline and caustic, deliquesces in the 
air, and is easily soluble both in water and alcohol. 

An aqueous solution of pure potassium hydrate may be obtained 
by dropping small pieces of potassium into water. And from this 
solution the solid may be prepared by rapidly evaporating the 
liquid in a silver basin, silver being much less attacked by causti 
potash than platinum. i 

The ordinary method for the preparation of caustic potash on 
the large scale consists in dissolving potassium carbonate in about 
eight or ten times as much water, heating the solution in an iron 
vessel to boiling, and then gradually adding slaked-lime which has 
been previously mixed with water to a thin paste. The lime 
then combines with the carbonic acid, forming calcium carbo- 
nate, which is insoluble in water, and caustic potash remains in 
solution. A more concentrated solution of potassium carbonate 
cannot be employed, because it would only be incompletely de- 
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mposed by the lime. Strong caustic potash decomposes calcium 
bonate when boiled with it, forming potassium carbonate and 
e. The quantity of quick-lime (calcium oxide) which is re- 
wuired to convert a given weight of potassium carbonate into 
tassium hydrate is calculated according to the following equa- 
con :— 


:CO(OR), + CaO + H,O = CO-0,Ca + 2KOH, 


d weighed out. This lime is next slaked, mixed with water, 
d the milk of lime dropped into the boiling potassium carbonate 
'ntil a small quantity of the clear liquid no longer efiervesces with 
wydrochloric acid—a proof that it no longer contains potassium 
arbonate. The fire is then removed, the vessel covered with an 
n lid and allowed to cool. As soon as the calcium carbonate 
as settled, and the liquid become clear, it is run off with a 
yyphon, and rapidly evaporated in a clean iron or silver dish, when 
solid crystalline potassium hydrate remains behind. 

Potassium hydrate appears to form several crystalline com- 
ounds with water, and the solid commercial hydrate usually 
ontains more or less water, up to 20 per cent. This water may 
e removed by heating the compound in a silver dish until it fuses 
nietly. A saturated aqueous solution of potassium hydrate de- 
osits crystals on cooling, consisting of one molecule of the 
aydrate united with two of water: KOH + 2H,O. B 

Caustic potash prepared in this way is never pure. It contains 
rstly the impurities present in the commercial potassium car- 
onate, such as potassium chloride, sulphate, &c. ; secondly, the 
impurities of the crude lime ; and, thirdly, potassium carbonate, 
lue to the absorption of carbonic acid from the air during the 
poration of the solution. To prepare the pure substance from 
e crude hydrate, it is broken into pieces and shaken up in a 
closed vessel with cold alcohol. This. liquid dissolves the potas- 
ium hydrate, but leaves all the impurities, including the potassium 
arbonate, behind undissolved. The clear solution is then run off, 
iluted with water, and heated, first to drive off the alcohol and 
then more strongly to expel the water. If the alcoholic solution 
ere heated alone without the addition of water, the liquid would 
decomposed under the influence of the potash and the oxygen 
f the air, and would acquire a brown colour and unpleasant 
odour. 

Small quantities of chemically pure potassium hydrate may be 
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prepared by boiling a solution of pure potassium carbonate wit 
pure lime obtained from Iceland spar or white marble. But 
caustic potash, as well as its solution, readily dissolves bot 
silica and alumina, it can neither be prepared nor evaporated i 
vessels of glass or porcelain; it energetically attacks both thes 
substances. 

The fused caustic potash of commerce is the Irdiste whic 
has been melted and strongly heated as long as it loses water, 
It is sometimes brought into trade in the form of rough fla 
pieces, showing a crystalline fracture, or else as sticks of about th 
thickness of a black-lead pencil, which are obtained by castin 


the fused substance in iron moulds made in two pieces (se 
fig. 60). 





















































Fig. 60. 


Solid caustic potash rapidly deliquesces in the air, absorbin 
water and carbonic acid, and producing a colourless liquid with 
strong alkaline reaction. This liquid gives off its carbonic aci 
with effervescence when treated with an acid. 

Aqueous caustic potash gives an oily, slippery feeling to th 
fingers, and possesses a sharp alkaline taste. It powerfull 
attacks the epidermis, and is therefore largely used as a stron 
caustic. The solution dissolves grease and fats, with which the 
alkali unites and forms soluble compounds called soafs ; a dilute- 
potash lye (or solution of the alkali) is therefore employed for 
cleansing purposes. 

Caustic potash, both in the solid form and in solution, is 
Jargely used in the laboratory. In its attraction for acids it 
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cels all other bases,' and is, therefore, the «most suitable sub- 
ance to separate them from their salts. Ifa solution of a salt of 
pper, for example, is mixed with caustic potash, the correspond- 
ag potassium salt is produced, and copper hydrate separates as a 
recipitate :— A 


S0,-0,Cu + 2KOH = SO,(OR), + Cu(OH),. 


Caustic potash is also largely used in the arts, but is gradually 
ecoming displaced by the cheaper caustic soda, except when the 
atter is too feeble to effect the required change—for example, in 
e conversion of cellulose into oxalic acid (see p. 298).” 


The sualfs of potassium can be easily prepared by the union of 
"he base with the corresponding acid. In this small text-book we 
an only refer to the most important of this numerous class of 
ompounds. 


Pr 


Potassium Sulphate: SO, | en is easily obtained by neutral- 


zing potassium carbonate with sulphuric acid, and crystallizes 
vhen a concentrated solution is allowed to cool in hard four-sided 
pyramids or prisms, without water of crystallization. It possesses 
ı saline, bitter taste, and melts when strongly heated without 
ange. It is not so easily soluble in water as the other potassium 
alts: 100 parts of water at 12° only dissolve twelve parts of the 
alt, and at 100° only twenty-six parts. Alcohol does not dissolve 
tin the least. 


Acid Potassium Sulphate: 0,198 is prepared by heating 


e normal sulphate with the requisite quantity of sulphuric acid, 
d is a bye-product when nitric acid is manufactured from 
otassium nitrate (p. 190). It is easily soluble in water, and 
erystallizes from the hot concentrated solution in rhombohedra ; 
it reacts and tastes acid. When heated to about 200°, it melts 
uietly ; at a higher temperature it gives off water, and is converted 


into potassium disulphate like the sodium salt (p. 167) :— 
[SO,OK 
u © 5, 129 > ze 
(SO,OK 2 

! Except the oxides of the rare metals rubidium and c&sium.—En. 

® Owing to the large quantities of caustic putash now sent into trade from 
'the German manufactories, its present retail price scarcely exceeds that of 
caustic soda,—ED, 
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At a still higher temperature this salt splits up into sulphuri 
anhydride and the normal sulphate. Hence the use of acid 
potassium sulphate to decompose certain minerals which are no 
attacked by acids. 


Potassium Nitrate (Ni/re, Saltpetre): NO,-OK, crystallizes 
from a hot solution in Jong, furrowed, rhombic prisms, with 
saline cool taste, and may be easily prepared by neutralizing 
nitric acid with potassium carbonate and evaporating down 
Nitre is also produced naturally in countries where the soil is 
rich in potassium salts and where rain seldom falls, or only a 
periodic intervals (Egypt, Persia, India, &c.). In these countries 
the surface of the ground after the rains gradually becomes 
covered with a white efflorescence, which consists chiefly 
potassium nitrate. The salt is then obtained by simple solution i 
water and re-crystallization. This nitre owes its production to the 
potassium salts and nitrogenous organic matter present in the 
soil. The latter gradually undergoes decay, and its nitrogen is 
converted into ammonia, which, in the presence of the strong base, 
becomes oxidized to nitric acid, forming potassium nitrate. 

This process has been imitated in some European countries 
and large quantities of nitre have been artificially produced in the 
following manner. Heaps of earth mixed with some potassium 
carbonate and lime were made under open sheds and then re 
peatediy watered with liquid manure or other nitrogenous organic 
refuse. The mass was frequently turned so as to expose it a 
much as possible to the oxidizing influence of the air. Aftera 
considerable period (often one or more years), when all the nitro; 
gen had been converted into nitrates, the heaps were lixiviated 
with water to dissolve these soluble salts, and the solution mixed 
with potassium carbonate to convert the calcium and magnesium 
nitrates into the soluble potassium salt. ‘The clear solution was 
then run off from the insoluble calcium and magnesium carbonate 
and evaporated down to crystallize.! 

Considerable quantities of potassium nitrate are now prepared 
from the sodium nitrate found so largely in Chili. Ifa solution 


. 


! This production of nitre from nitrogenous organic substances is exceed- 
ingly costly and wasteful, since the value of the nitrogen in the form of am- | 
monia for increasing the fertility of the soil is far greater than that of the nitre 
obtained from it, and the process has now been almost entirely abandoned.— 
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f this salt is mixed with one of potassium chloride, and the 
mixed solution evaporated down under pressure, double decom- 
osition occurs into sodium chloride (common salt)and potassium 
jitrate. And since sodium chloride is only slightly more soluble 
nı hot than in cold water, this salt first separates out on evaporating, 
rhile potassium nitrate, which is much more soluble in hot than 
nı cold water, crystallizes out on cooling the hot decanted liquid. 
Potassium nitrate prepared in any of these ways is always 

nixed with impurities, especially common salt, from which it can 
pe freed by repeated crystallization. This purification depends 
tpon the greater solubility of saltpetre in hot than in cold water. 
coo parts of water dissolve only 13 parts of the salt at 0°, and 29 
arts at 18°, but at 97° the same quantity of water dissolves 236 
narts. Anda boiling-hot saturated solution of saltpetre, of which 
hhe boiling-point is 116°, is saiıl to contain 335 parts of the salt 
lissolved in 100 parts of water. 
Nitre is used for various purposes in medicine, and sometimes 
vor the manufacture of nitric acid, but far larger quantities are ab- 
sorbed in the manufacture of gunpowder, in which the nitre is 
the oxidizing substance. The well-known explosive action of gun- 
wowder is due to the sudden production of large volumes of hot 
gases from a small volume of a solid. If powdered nitre is 
pprinkled on a piece of glowing charcoal, the latter burns brilliantly 
co carbonic acid and carbonic oxide, while the nitre is converted 
snto potassium carbonate and free nitrogen. The same process 
‘goes on when an intimate mixture of powdered nitre and charcoal, 
the correct proportions, is ignited, and may be represented by 
he following equation :— 
BNO,-OK + 3C = CO, + CO + N, + co!OK 

Gunpowder contains, however, sulphur as well as nitre and 
harcoal, and it was formerly thought that its decomposition when 
'burnt was expressed by the equation :— 

2NO,OK + 3C + S = 3C0, + N + KS, 
hich represents the various constituents in the proportions in 
wbich they are actually contained in gunpowder. But it has been 
found that other substances, besides those shown in the above 
equation, are also produced, and that the sulphide formed is 
»potassium disulphide and not the monosulphide. The substances 
"into which gunpowder is converted when burnt in a closed space 
‚are essentially :— 
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(1.) Solids, includingpotassium carbonate, potassiumsulphate, and 
potassium disulphide, and which are about 57 per cent. of the who 

(il.) Gases which consist of carbonic acid, nitrogen, and carboni 
oxide, and constitute the remaining 43 per cent. by weight. Th 
volume of these gases, measured at the normal temperature and 
pressure, is nearly 300 times that of the powder, and at the high 
temperature of the explosion nearly 2,000 times. Hence the force 
of the explosion. Other substances are also formed when gun 
powder is exploded, but only in very small quantities. And the 
actual chemical changes which go on when the powder is burn! 
can only be represented by a somewhat complex equation. 

The gunpowder of different countries, and even of the same 
country, varies considerably. The mean composition of English 
powder is about as follows :— 


Nie F g ; e ? BZ 
Charcoal . - ; r R ei 
Sulphur .. : F : j Ar 

100°0 


In the manufacture of a suitable gunpowder it is not only 
necessary to mix the constituents intimately together, but the 
mixture must be afterwards granulated, an operation which is 
performed by suitable machinery. The size of the grain depends 
upon the purpose for which the powder is to be used: it varies 
from about the size of a millet seed for ordinary purposes and 
small arms, up to blocks as large as a cubic inch (pebble powde 
for large cannon. 

By diminishing the quantity of nitre, and increasing that of 
charcoal or sulphur, the rate at which the powder burns is dimin- 
ished. And as the gases produced by the burning of the powde 
cannot support combustion, but, on the contrary, extinguish bodies 
in the act of burning, this property has been successfully utilized 
to extinguish fires in closed places. A mixture for this purpose 
may contain, for example, 60 to 66 per cent. nitre, 30 to 36 pet 
cent. sulphur, and at most 4 per cent. charcoal. On burning, it 
produces sulphurous anhydride with carbonic acid and nitrogen, 
ali of which extinguish burning bodies. 


Potassium Nitrite: NO-OK.—If potassium nitrate is melted at 
alow red heat, it is decomposed into oxygen which escapes, and 
potassium nitrite which remains behind, usually mixed either with 
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ecomposed nitrate, or, if too strongly heated, with caustic 
sh. The salt is easily soluble in water, deliquesces in the air, 
evolves copious red vapours of nitrous acid when treated with 
erately dilute sulphuric acid. 


Potassium Carbonate : CO 108 deliquesces in the air and 


eeasily soluble in water. The aqueous solution reacts strongly 
aline, and when evaporated down leaves the salt as a white solid 
nich melts unchanged at high temperatures. An extremely con- 
trated, warm solution deposits crystals containing about 16 per 
t. of waterofthe composition: 2CO = +3H,0. 

Potassium carbonate is a constituent of the ashes which remain 
en wood and land plants generally are burnt, which, however, 
> not contain more than 20 per cent. of it. The ashes consist 
niefly ofthe sulphates, phosphates, and silicates of potash, lime, 
d magnesia, together with some chlorides. 

Crude potash is obtained by extracting the ashes with water, 
d evaporating the filtered solution to dryness. It contains at 
ost 60 per cent. of potassium carbonate mixed with the other 
luble salts contained in the ashes. By digesting this crude 
tash with an equal weight of water for several days, with frequent 
kirring, the easily soluble carbonate is dissolved, leaving most of 
e other salts behind. The clear solution evaporated to dryness 
ives the Zearlash of commerce. 
This is still very far from pure potassium carbonate, and in fact 
know of no method of completely purifying it. Chemically 
ure potassium carbonate may, however, be easily obtained by 
eating a pure potassium salt of an organic acid in a platinum 
sel. Vessels of porcelain or glass cannot be employed, as the 
ot potassium carbonate abstracts silica from them, and so becomes 
pure. For the preparation of the pure salt, acid potassium 
rate is commonly used. This salt can bereadily obtained, and, 
it is only difficultly soluble in water, can be easily purified. 
e heated mass, when extracted with water, and the clear solution 
'vaporated in a platinum dish, leaves pure potassium carbonate as 
ı snow-white solid. 

Since the discovery of the potassium chloride beds at Stassfurth, 
otassium carbonate is manufactured from the chloride, just as soda 
s obtzined from common salt by Leblanc’s process (see p. 371). 
*AA 
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Potassium carbonate is one of the most important of the 
potassium salts. It is used not only for the preparation of caustie 
potash and many other potassium compounds, but is also largely 
employed in the arts, especially in the manufacture of glass and o 
soft soap. 


Acid Potassium Carbonate: CO 10R is obtained by leading 


carbonic acid into a concentrated aqueous solution of the normal 
salt, when it separates out as a crystalline powder :— 


OK ’ 
O4 9 rd an 
It requires about four times its weight of water for solution, react 
neutral, and is decomposed at about 80° into the normal salt anc 


carbonic acid. 


Potassium Chlorate: C1O,-OK.—This salt, of which the pre 
paration has been already described (p. 110), crystallizes when it 
hot saturated solution is cooled in lustrous scales or larger plates 
It melts at 334°, and begins to be decomposed, with evolution 0 
oxygen, at 352°. It requires 16 parts of water for solution at the 
ordinary temperature, but only 2 parts at 100°. In consequence of 
the readiness with which it parts with oxygen, it is an excellen 
oxidizing agent, and yields considerable quantities of chlorine wher 
warmed with hydrochloric acid (p. 112). 


Potassium Perchlorate: ClO,-OK, has been already described. 
It belongs to the potassium salts which are difficultly soluble ir 
water, and can, therefore, be readily purified by crystallization 
The salt is insoluble in alcohol. 


Potassium Hypochlorite: CIOK.—This salt, which is only 
known in its aqueous solution and which is characterized by its 
powerful bleaching properties, is obtained by passing chlorine 
into a cold, dilute solution of potassium carbonate until large 
quantities of carbonic acid are evolved. Potassium chloride and 
hypochlorite with acid potassium carbonate are first produced "a 


[OK . e jOK 1% CH 
2CO|OK + 26] + 9,0, = 2CO | OH + KCI + CIOK, 


and carbonic acid is, therefore, not evolved at once, but only when 
the chlorine begins to attack the acid potassium carbonate. 


Potassıum Chlorate. 355 



















This solution of potassium hypochlorite is known as eau de 
avelle. Strong acids liberate considerable quantities of chlorine 


(cO-OK 
ıCO-OK 
ained by neutralizing oxalic acid, or the acid salt, with potassium 
arbonate, and easily crystallizes from its aqueous solution. The 
; {cO-OH 
d salt: \CO-OK 
blants, especially in the leaves of the sorrels, from which it 
ay be obtained in large crystals by pressing the leaves and 
waporating the acid juice. It has a strong acid reaction, and 
nites with ferric oxide to form a soluble double salt. Hence its 
ase to remove ink or iron stains from paper or linen. After the 
ttains have been removed, the fabric must be carefully washed, 
ärst with water and then with dilute soda, to prevent corrosion by 
Hhe oxalic acid contained in the acid salt. Besides this acid salt, 
ı so-called diacid salt (potassium quadroxalate) is also known. 
he salt crystallizes well, and is to be considered as a double 
ompound of acid potassium oxalate and oxalic acid :— 

IE9:0OK +, !CQ.OR 

ıC0O-OH ”  1CO-0OH 


Potassium Oxalate : +H,0. The normal salt is ob- 


+H,O (salts of sorrel), occurs in some 


2H,O. 


Potassium Silicate (potash water-glass).—Silica and caustic 
otash or potassium carbonate may be fused together in varying 
roportions, and produce, when the quantity of silica is not too 
eat, a glass which is distinguished from ordinary glass by its 
olubility in water. Hence the name wafer-glass. It may be 
obtained by melting together equal weights of pearlash and sand 
until the mass fuses quietly, or by dissolving infusorial earth in 
caustic potash. By the latter operation a solution is at once 
btained. In England considerable quantities of water glass are 
manufactured by heating powdered flints with caustic potash (or 
ssoda) under pressure, when the flints readily dissolve. On 
evaporating a solution of water-glass, an amorphous transparent 
mass remains behind, which, when exposed to the air, gradually 
becomes covered with an opaque coating of silicic acid and 
»potassium carbonate. The solid fused water-glass undergoes the 
same decomposition. 

An aqueous solution of water-glass has many technical appli- 
‚cations. It is used, for example, to render theatrical scenes and 
AA2 
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other stage appliances uninflammable. Such articles when coated 
with a thin layer of water-glass are no longer combustible; the thin 
layer of potassium silicate protects their surface like a varnish 
from the oxygen of the air. If brought into contact with a burn. 
ing body they become charred but do not catch fire. Water-glass 
is also largely used for protecting buildings from damp, fo 
preventing the decay of woodwork in damp situations, and very 
largely in the manufacture of the cheaper kinds of soap. 

In a very dilute aqueous solution potassium silicate forms 
valuable manure for many plants, especially for those which 
require potash salts and silica for their growth. Pasture lands are 
improved by occasionally watering with a dilute solution of potash 
water-glass. 

It has already been mentioned that potassium silicate is 
constituent of many minerals—for example, of felspar. 


Potassium Chloride: KClI, crystallizes like sodium chloride 
in the regular system, and usually in cubes without water 0 
cerystallization. The crystals contain, however, water mixed 
mechanically, which causes them to decrepitate when heated. 
has a saline taste, and is tolerably soluble in water : 100 parts ol 
water dissolve about 33 parts of the salt at the ordinary tempera- 
ture, and hot water only a little more. It melts without change 
when heated to redness, and then volatilizes in not inconsiderable 
quantities. Potassium chloride is a constituent of sea-water, i 
contained in the ashes of land plants, and is also found in large 
quantities as a mineral. It is the chief constituent of the sal 
beds in the neighbourhood of Stassfurth in Northern German 
The mineral sy/vin consists almost exclusively of it. 


Potassium Bromide: KBr, closely resembling potassium 
chloride, may be prepared by neutralizing potassium carbonate 
with hydrobromic acid, or by saturating caustic potash with bros 
mine, evaporating to dryness, and then glowing to destroy the 
potassium bromate produced at the same time. It is now largely 
used in medicine for neuralgic affections. 


Potassium Iodide: KI.— This salt resembles potassium chlo- 
ride in its external properties. Like the chloride, it crystallizes ın 
cubes without water. It is, however, much more easily soluble ın 
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ter than potassium chloride, and thus remains in the mother- 
uor when a mixed solution of the two salts is evaporated down. 
t the ordinary temperature 100 parts of water dissolve more than 
o parts of potassium iodide ; the saturated solution contains, at 
ss boiling-point (120°), more than 200 parts of potassium iodide for 
ery 100 parts of water. 

Potassium iodide is of such importance in medicine and photo- 
raphy that many attempts have been made to discover profitable 
d ready methods for preparing it. The simplest method—viz. 
eutralization of caustic potash or potassium carbonate with hydri- 
dic acid, just as potassium chloride may be obtained—is impracti- 
able, because hydriodic acid is very much more difficult to obtain 
quantity than hydrochlorie acid. 

Two methods are chiefly used for the preparation of potassium 
dide. One consists in gradually adding iodine to warm caustic 
otash until the liquid becomes yellow from free iodine, evaporating 
e liquid, which now contains potassium iodide and iodate (p.130), 
dryness, and glowing, in order to convert the potassium iodate 
to potassium iodide and oxygen. It has been found, however,that a 
uch higher temperature is required to decompose potassium iodate 
han potassium chlorate, and at this high temperature some of the 
otassium iodide is volatilized and lost. It is therefore eustomary 
oadd a little powdered wood charcoal to the liquid containing the 
xed salts. When the saline mass is afterwards glowed, this 
harcoal abstracts all the oxygen from the iodate and is converted 
nto carbonic acid. The residue is then extracted with water, and 
he clear solution evaporated down to crystallize. 

. A second method largely used for the preparation of potassium 
äodide is as follows. One part of iron filings is mixed with water 
d digested with three parts of iodine, when the two substances 
adily unite with one another, with considerable rise intemperature, 
nd produce the easily soluble salt—ferrous iodide : Fel,. As 
on as all the iodine has disappeared, the green solution is 
tered, and one more part of iodine added, which produces the 
ompound ferroso-ferric iodide, Fel,, Fe,l,. The liquid is then 
exactly precipitated with potassium carbonate, when ferroso-ferric 
hydrate easily separates and can be readily washed, and the clear 
solution, which now contains potassium iodide, is evaporated down 
‘to crystallize. From 4 parts of iodine, 5 parts of potassium iodide 
"may be thus obtained. The ferrous iodide might be at once 
‚decomposed by potassium carbonate, but the precipitate then 
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consists of ferrous carbonate, which does not readily settle, an 
can only be washed with difficulty, and therefore requires large 
quantities of water and a long time to extract all the potassium 
iodide. 

An aqueous solution of potassium iodide dissolves large quan- 
tities of free iodine; the saturated solution contains about twice as 
much iodine as was present in the original salt, producing the com- 
pound: KI,, which may be obtained as dark, lustrous needles, on 
careful evaporation. This compound is very deliquescent, and 
easily decomposes into potassium iodide and iodine. 

Fotassium iodide, together with the sodium salt, is present in 
many mineral waters, and especially in the ashes of sea plants 
(pp- 123, e/ seg.)., It is largely used in medicine as a remedy for 
goitre and swellings, in cases of syphilis, &c., and is, in fact, one o 
the most highly prized medicines. Large quantities of the salt are 
also used in photography. 


Potassium Jluoride: KF, is easily obtained by neutralizing 
hydrofluoric acid with potassium carbonate. It crystallizes at the 
ordinary temperature with two molecules of water, but above 35° 
without water, in cubes; the salt easily deliquesces in moist air, 
and strongly attacks glass. 

Potassium fluoride unites with other fluorides and with hydro- 
fluoric acid, and produces double salts, in which the fluorine appears 
to play the. part of a.dyad. 


Acid Potassium Fluoride: HKF,—This salt is easily prepared 
by neutralizing a given volume of aqueous hydrofluoric acid with 
potassium carbonate, and then adding an equal volume of the 
acid. It crystallizes out when the solution is evaporated down 
in a platinum basin. The crystals are anhydrous ; they easily 
dissolve in water, but difficultly in that containing hydrofluori 
acid. It requires heating to redness before it is decomposed into 
potassium fluoride and hydrofluoric acid. 


Potassium Fluoborate: KF,BF,=KBF,, is precipitated as a 
gelatinous, iridescent mass, which dries to a white impalpable” 
powder when potassium fluoride, or any other soluble potassium 
salt, is mixed with aqueous fluoboric acid. It is difhcultly soluble 
in cold water, of which it requires 70 times its weight for solu- 
tion. 
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Potassium Flwosilicate: 2KF,SiF,=K,SiF,, closely resembles 
the Auorborate, but is still less soluble in water. Potassium fluo- 
ilicate is therefore sometimes used as a test for potassium. 


Potassium Cyanide: KCN = KCy.— This extremely poisonous 
ssalt is decomposed by all acids, including carbonic acid, giving 
free hydrocyanic acid. It may be obtained pure by passing hydro- 
teyanic acid gas into well-cooled alcoholıc potash, until the mass 
!becomes pasty from separation of the potassium cyanide, which is 
almost insoluble in alcohol. The crystalline mass is then brought 
con a filter, quickly washed with strong alcohol, as much of the 
lliquid removed as possible by a filter-pump, and finally dried in a 
wvacuum over sulphuric acid. 

The less pure compact potassium cyanide of commerce, which 
«occurs as flat pieces with a crystalline fracture, is prepared by a 
ımuch less expensive process. Potassium ferrocyanide : K,FeCy, + 
:3H,0, which may be considered as a double cyanide of ferrous 
iiron and potassium : 4KCy, FeCy, + 3H,0, is first thoroughly freed 
of its water of crystallization by powdering it and heating it in a 
:shallow iron dish. The dried salt is then placed in an iron 
 crucible, which it must not more than two-thirds fill, and heated 
to fusion in a furnace. The ferrous cyanide is then decomposed 

into nitrogen gas which is given oft, and black iron carbide which 
remains behind. The potassium cyanide meits unchanged, pro- 
vided it is not exposed to the air, from which (when in the fused 
state) it readily absorbs oxygen, and becomes partly converted 
into potassium cyanate. As soon as the salt fuses quietly, the 
crucible is removed from the furnace, and repeatedly knocked on 
some hard body that the iron carbide may settle to the bottom and 
the potassium cyanide become clear. When the fused salt has 
sufticiently clarified, which may be easily known by removing a 
drop on the end of a glass rod, the liquid is carefully poured on to 
an iron slab, broken into pieces when cold, and preserved in well- 
closed vessels. 

In this method of preparation two of the six atoms of cyanogen 
contained in a molecule of potassium ferrocyanide are lost : the 
two atoms combined with the iron are decomposed. In order to 
obtain this cyanogen as well, it is best to use Liebig’s method, 
which consists in mixing every 8 parts ofthe dry potassium ferro- 
‘cyanide with 3 parts of potassium carbonate. When this mixture 
is melted, the ferrous cyanide of the potassium ferrocyanide and 
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the potassium carbonate first form ferrous carbonate and potassium 
cyanide :— 


FeCy, + oa = 2KCy + CO-0,Fe. 


But the ferrous carbonate is at once broken up at the high tem- 
perature into carbonic acid and ferrous oxide:— 


CO.O,Fe = CO, + FeO, 


the oxide being finally reduced to metallic iron by a portion of 
the potassium cyanide, which is converted into potassium cyanate. 
Thus, of the two atoms of cyanogen which were united with the 
iron, one is obtained as potassium cyanide and one as potassium 
cyanate. 

As this small quantity of potassium cyanate is without im- 
portance for most of the technical purposes for which potassium 
cyanide is used, the commercial salt is now always manufactured 
by Liebig’s process. The quantity obtained is not only larger, but 
the product is also whiter. 

Potassium cyanide is very easily soluble in water, and deli 
quesces in moist air. It cannot be crystallized from its aqueous 
solution, much less obtained pure, as it gradually decomposes with 
water into potassium formate and ammonia :— 


KCN + 2H,0 = 


It is scarcely soluble in alcohol. The aqueous solution react 
alkaline, and plays the part of a base with many other insoluble 
cyanides. Just in the same way as potassium hydrate dissolves 
lead oxide, alumina, and silica, producing salts in which thes 
substances take the part of an acid, so, too, potassium cyanide 
dissolves lead cyanide, silver cyanide, and numerous other simila 
insoluble compounds, forming salts which are soluble in water, 
and can usually be obtained in the crystalline state. 

Neither solid potassium cyanide nor its aqueous solution unite 
directly with oxygen. But in the fused state its attraction fo 
oxygen is so great that most of the metallic oxides are decomposed 
by it. The substance produced by this oxidation is potassium 
cyanate. The salt also easily combines directly with sulphur, 
forming potassium sulphocyanate. Union of the two substances 
even takes place when flowers of sulphur are stirred up with @ 
warm aqueous solution of potassium cyanide. 
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Potassium Cyanate: CONK.— This white crystalline salt is 


ily soluble both in water and alcohol, and may be purified by 
ırystallizing from the latter liquid. It is obtained by adding 
n oxide of lead to fused potassium cyanide, when the oxide is 
duced to metallic lead and the cyanide oxidized to cyanate. It 
5, however, best prepared directly from potassium ferrocyanide by 
»xidization with manganese peroxide. 

Well dried and finely powdered potassium ferrocyanide is 
oroughly mixed with an equal weight of dry commercial manga- 
ese peroxide containing about 75 per cent. of the pure compound, 
d the mixture gently heated with continual stirring in a flat iron 
lish. After a little time the mass begins to glow ; the heating 
ss continued as long as this lasts and until a fragment when 
lissolved in water gives no precipitate of Prussian blue on mixing 
e clear solution with ferric chloride. 

The mass is next repeatedly dıgested with strong alcohol (82 
der cent.), and potassium cyanate then separates from the hot 
urated solution on cooling as thin tablets. After filtering off 
he crystals, they must be rapidly dried, as potassium cyanate 
eadily decomposes with water, even at the ordinary temperature, 
into potassium and ammonium carbonates :— 


2CONK + 4H,O = CO(OK), + CO(ONH,), 


Its aqueous solution, when mixed with ammonium sulphate, 
forms potassium sulphate and ammonium cyanate, which latter 
changes immediately into the isomeric compound urea. Addition 
f a strong acid to a solution of potassium cyanate does not 
liberate free cyanic acid, but decomposes it into carbonic acid and 
ammonia (p. 317). 


Potassıum Sulphocyanate: CSNK, may be obtained by adding 
ssulphur to fused potassium cyanide, or, better, by heating a mix- 
!ture of 46 parts of potassium ferrocyanide, 17 parts of potassium 
“carbonate, and 32 parts of sulphur in a Hessian crucible until 
!the mass fuses quietly, and until a drop dissolved in water no 
| longer gives a blue precipitate with ferric chloride, but only a red 
“colour. The fused mass is broken in pieces when cold and 
‘digested with hot alcohol, which dissolves the potassium sulpho- 
‘ cyanate and leaves ferrous sulphide behind. From the hot 
‘solution it crystallizes on cooling in long colourless crystals, 
’ resembling nitre, and possessing, like this salt, a cooling taste. 
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Water dissolves large quantities of it, so that it deliquesces i 
moist air. A considerable fall in temperature is produced whe 
the salt is dissolved in water. 

Potassium sulphocyanate, or any soluble sulphocyanate, give 
no precipitate with ferric salts, but a deep red colour. 


Sulphur Compounds of Potassium. 


The alkali metals unite with sulphur in several proportion 
forming definite chemical compounds, which may be compare 
with the compound of potassium iodide with iodine. Just as potas 
sium iodide unites with two atoms of iodine (p. 359), so also potas 
sium sulphide unites with one, two, three, and four atoms of sulphur, 
producing the compounds :— 


Potassium disulphide . : h P va 
Potassium trisulphide . i : ; EPs 
Potassium tetrasulphide . 5 r j RS 
Potassium pentasulphide j i . a SR 


The two atoms of potassium do not appear to combine with mor 
than five atoms of sulpbur. 


Potassium Monosulphide: K,S, is a strong sulpho-base, easil 
soluble in water, and deliquescing in the air. It has a stron 
alkaline reaction and taste. This compound may be obtained b 
reducing potassium sulphate in a stream of hydrogen at a red. 
heat :— 

SO,(OK, + 4H, = KS + 4H,0, 


or, better, by glowing a mixture of one molecule of the salt with fou 
molecules of carbon :— 
SOKORL + „dEI zu Ks 4 4co, 

A mixture of 3 parts of powdered potassium sulphate and ı pa 
of wood charcoal is placed in a covered Hessian crucible, which 
must not more than two-thirds fill, and heated until the mixture h 
ceased frothing and fuses quietly. When the crucible is cold it i 
broken, and the potassium sulphide obtained as a red crystallin 
mass. It soon loses its colour in the air, from which it abstracts 
not only water, but also oxygen and carbonic acid. 

An aqueous solution of potassium monosulphide is readily ob 
tained in the following way. A given volume of moderately con- 
-centrated caustic potash is divided into two equal parts. One of 
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ese is then completely saturated with sulphuretted hydrogen gas, 
which forms the sulphydrate: KSH, and the other part is then 
dded. One molecule of potassium sulphydrate is decomposed by 
one molecule of caustic potash into one molecule of potassium 
onosulphide and one of water :— 

"KSH + KOH = K,S + HL. 


This solution is decomposed when treated with dilute acids, 
nd then evolves sulphuretted hydrogen without depositing sulphur. 
{t absorbs oxygen from the air, and is converted into potassium 
hiosulphate :— 
ie (OK 
K,S + 30 = SOLIGE 
Potassium monosulphide easily dissolves the sulphides of 
arsenic, antimony, and carbon and other similar sulpho-acids, with 
‚hich it unites chemically and forms soluble sulpho-salts. 
Potassium Sulphydrate: KSH or z S. This compound, which 
corresponds to caustic potash, is obtained by leading sulphuretted 
ıydrogen into caustic potash as long as the gas is absorbed. Ifthe 
solution of caustic potash is sufficiently concentrated, the compound 
eparates out on cooling in long colourless cerystals, containing 
ater of erystallization. In its chemical behaviour it closely re- 
sembles the monosulphide. 


The Zolyswlphides of potassium are obtained by adding the 
requisite quantity of sulphur to the fused monosulphide, or to its 
concentrated aqueous solution. If more sulphur is added to fused 
}potassium monosulphide than corresponds to 4 molecules of the 
former to ı molecule of the latter, there is produced 


Potassium Pentasulphide: K,S,, and the excess of sulphur 
\volatilizes. This compound has a yellow-brown colour ; it easily 
tdissolves in water, and when acted on by hydrochloric acid yields 
*sulphuretted hydrogen and large quantities of milk of sulphur 
((p. 145). When heated more strongly it loses sulphur and be- 
“comes 


Potassium Trisulphide: K,S,, a compound closely resembling 
! the pentasulphide. 


Liver of Sulphur (Pofassa sulphurata)—This pharmaceu- 
!tical preparation, which owes its name to its colour, consists essen- 
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tially of a mixture of potassium pentasulphide and potassiu 
sulphate. It is prepared by gradually heating a mixture of abou 
equal parts of potassium carbonate and sulphur in a large earthen 
ware crucible. At first considerable quantities of carbonic aci 
are evolved, which causes the mixture to froth up ; as soon as thi 
has ceased, the crucible is closed and the temperature gradually 
raised until all fuses quietly. The liquid is then poured on to 
sheet of iron, broken into pieces when cold, and quickly brough 
into well-closed bottles, as it readily attracts moisture from the air. 
The following equation represents the reaction :— 


4C0O(OR), + 165 = 3K,S, + SO,(OK), + 4CO, 
The preparation, when well made, should dissolve in water to a 
nearly clear solution, and when mixed with hydrochloric acid should 

give sulphuretted hydrogen and large quantities of free sulphur. 
A solution containing potassium pentasulphide and thiosul 


phate may be obtained by gradually adding flowers of sulphur to 
boiling caustic potash as long as the sulphur is dissolved :— 


6KOH + 125 = aK,s, + 50, OK , 3,0, 


Detection of Potassium Compounds. 


Potassium compounds when heated in the Bunsen burner 
 impart a characteristic violet colour to the ame. In the presence 
of sodium, even in small quantities, the intense yellow light emitted 
by this Sübstanee obscures the feeble potassium flame, and it is 
therefore not seen by the naked eye. But if the flame is viewed 
through a piece of blue cobalt glass, the yellow sodium light is 
absorbed by the blue of the glass, while the violet potassium light 
passes through the glass unchanged. The most certain way oO 
detecting traces of potassium is by its spectrum, which consists 
essentially of two lines in the red and one in theviolet. (See Table 
of Spectra). 

If a solution of potassium chloride or of any other soluble” 
potassium compound (except the iodide) is mixed with platinic- 
chloride, a yellow crystalline precipitate of a double chloride of 
potassium and platinum : 2KC], PtCl,, or Dofasszum chlorplatinate B 
K,PtCl,, is produced, which is slightly soluble in water, but in- 
soluble in alcohol. The heavy metals, as well as the metals of 
the earths and alkaline earths, if present, must have been pre- 
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riously removed from the solution, and ammonium compounds 
lestroyed by glowing. Sodium salts do not give this precipitate, 
the corresponding sodiurn salt is soluble both in water and 
lcohol. This double chloride of potassium and platinum is 
ecomposed on glowing into metallic platinum, gaseous chlorine, 
nd potassium chloride. The last-named compound can be ex- 
racted with water, and easily obtained in cubic erystals. 

If a concentrated solution of a potassium salt is mixed with a 
concentrated solution of tartaric acid in excess, and the mixture 
well shaken or stirred with a glass rod, a white crystalline pre- 
Zipitate of acid potassium tartrate is produced, which is first 
deposited on those parts of the glass vessel which have been 
ouched by the rod. Sodium salts do not produce this precipitate, 
s the corresponding acid sodium tartrate is easily soluble in 
ater. 





SODIUM. 
Chemical Symbol: Na— Atomic Weight: 23. 


Sodium, which is closely allied to potassium, is also found in 
ature in the form of a double silicate of aluminium as soda felspar 
or albite. It further occurs as the mineral cryolite: 6NaF, Al,F,, 
which is worked both for soda and for alumina. But by far its 
most important natural compound is the chloride—conmon salt or 
rock-salt. 

The preparation of sodium is carried on in just the same way 
as that of potassium, except that some powdered chalk is usually 
added to the mixed sodium carbonate and charcoal, to prevent 
ffusion atthe high temperature necessary for reduction. Since the 
saffınity of sodium for oxygen is less than that of potassium, its 
reduction, according to the method described on p. 344, is easier 
sand the yield is greater. There is also less danger of the formation 
cof explosive compounds, as in the preparation of potassium. This 
is one reason why sodium is so much cheaper than potassium. 

It is chiefly owing to the researches of St. Claire Deville, sup- 
}ported by Napoleon III., who, in attempting to prepare cheap 
“aluminium by means of sodium, so perfected the method for the 
‘ extraction of this metal that its price has fallen from 55. per oz. to 
\ 85. per Ib. during the last thirty-five years. The present low price 
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of sodium is also partly due to the large quantities which are nov 
used for the manufacture of metallic magnesium. 

Commercial sodium comes into trade in the form of bars. 
When freshly cut the surface is of a silver-white colour, but it very 
rapidly tarnishes in the air, becoming covered with a layer of its 
oxide. At the ordinary temperature it is soft like wax, and can be 
easily moulded or pressed into any shape. The metal is lighter 
than water, but somewhat heavier than potassium—its specific 
gravity being 0'978. Its melting-point, which is also higher than 
that of potassium, is 96°. It catches fire when heated in the air, 
and burns with an intensely yellow flame. Water is easily decom- 
posed by it with evolution of hydrogen, and the sodium hydrate 
which is produced at the same time dissolves in the water and gives 
it an alkaline reaction. Theliberated hydrogen does not, however, 
ignite like that set free by the action of potassium on water, because 
the quantity of heat set free when sodium decomposes water is less 
than when the same decomposition is effected by potassium—the 
affhinity of the former metal for oxygen being less than that of the 
latter. The liberated heat would, however, raise the temperature 
of the hydrogen to its ignition point, if it were not continually 
cooled by the movement of the fragment of sodium on the surface 
ofthecold water. If hot water, at about 80°, instead of cold water, 
is used for the experiment, the hydrogen catches fire at once and 
burns with a yellow flame. Or, ifthe surface of the water is covered 
with a piece of filter-paper the movement of the pellet of sodium 
is prevented, and it remains in contact with only a small quantity 
of water ; this then becomes so strongly heated that the hydrogen 
catches fire. 

Potassium and sodium unite together and form an alloy which 
is liquid at the temperature of the air, and closely resembles 
mercury. This is a striking example of the law that the melting- 
point of an alloy is lower than that of its constituents. 

Sodium, like potassium, unites chemically with hydrogen when 
heated up to about 300° in the gas. This compound is again de- 
composed at about 420°. If dry ammonia is led over gently heated 
sodium the gas is decomposed with the formation of sodium amide: 
Na-NH,, while hydrogen is set free. When fused, this compound 
has a greenish-blue colour, but solidifies to a pink crystalline 
mass, 
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With few exceptions, the compounds of sodium closely resemble 
those of potassium, and we shall, therefore, only describe those in 
detail which differ essentially from the corresponding potassium 
ompounds. 


Sodium, when heated in dry oxygen or air, produces sodium 
roxide: Na,O,, similar in its properties to the potassium com- 
ound. Sodium oxide: Na,O, is obtained, like potassium oxide, 
by heating sodium hydrate with sodium. 


Sodium Hyärate (Caustic Soda): NaOH.— This compound is 
sso similar to potassium hydrate that the two cannot be externaily 
cdistinguished from one another. The general behaviour and the 
ipreparation of the two substances is also the same, except that 
ccaustic soda is a less powerful base than caustic potash. In pre- 
fparing caustic soda from crystalline sodium carbonate, according 
tto the method described on p. 346, itmust be remembered that the 
ssodium salt contains about 60 per cent. of water, and not more than 
five parts of water should, therefore, be used to dissolve one part 
cof the salt. 


Sodium Sulphate : SO, IoNa + 10H,0.—This salt, com- 
umonly known as Glauber’s salt, is occasionally found in the solid 
$state in nature, but usually in solution in various mineral springs. 
! Many of these springs, especially those of Marienbad, Carlsbad, 
“and others, are highly valued on account of the mild aperient 
“action of the sodium sulphate which they contain. Sodium sul- 
| Bhate may be easily obtained by neutralizing sodium carbonate 
‘with sulphuric acid, or by heating this acid with common salt. 
“ This latter process is largely carried on in alkali (soda) works, 
\ where common salt is first converted into sodium sulphate prior to 
} its change into sodium carbonate, 

Sodium sulphate crystallizes with ten molecules (z.e. 56 per cent. 
‘of water) in large colourless prisms, which, when heated, melt in 
! their water of crystallization, and finally lose all their water. Itis 
“easily soluble in water but insoluble in alcohol. At 0°, 100 parts 
“of water dissolve 12 parts of the salt, at 18° 48 parts, at 2 25° 100 


Li 
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parts, and at 33° as much as 322 parts. But above 33° the solu- 
bility diminishes, because the compound with ten molecules of 
water cannot exist above this temperature. Ir is then converted 
into the anhydrous salt, which is less soluble in water, and separates 
from the solution above 33° in rhombohedra. If a glass flask is 
filled with a warm saturated solution of sodium sulphate and the 
neck closed with a loosely-fitting plug of cotton-wool, the solution 
remains clear and liquid after it has been allowed to cool quietly. 
And no change is produced if the plug is carefully removed and 
the end of a glass rod which has been heated in a gas flame 
and allowed to cool is dipped into the liquid. But the slightest 
touch with the other end of the rod, by which particles of dust are 
brought into contact with the liquid, at once causes the crystalliza- 
tion of the swDersaturated solution, with a corresponding rise in 
temperature due to the liberation of latent heat. 


Acid Sodium Sulphate: SO, | OR A is prepared inthe same way 


as the potassium salt, and is deposited from its warm solution in 
large transparent crystals, without water. At the ordinary tempe- 
rature it crystallizes with 1 molecule of water. It decomposes 
when heated into water and sodium disulphate (p. 167), and the 
latter compound is converted into normal sodium sulphate and 
sulphuric anhydride at a higher temperature. 


Sodium Sulphite: SO Ne is obtained from the acid salt by 


adding an equal quantity of sodium carbonate as was used in its 
preparation ; it crystallizes without water from its warm solution, 
and with 7 molecules in the cold. 


Acid Sodium Sulphite: so{oN ” prepared by saturating a 


solution of sodium carbonate with sulphurous anhydride. Both 
salts are easily soluble in water, and both are largely used by 
brewers for antiseptic purposes—partly to cleanse stale casks, and 
partly as an addition to the beer to prevent acid fermentation. 
: ö ONa 
Sodium Thiosulphate (Sodium Hyposulphite): SO:|SNa 
5H,O, is obtained by evaporating its aqueous solution in large 
transparent crystals, which melt in their water of erystallization at 
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56°, and lose all their water at 100°. At higher temperatures it is 
decomposed. Its preparation and its property of dissolving the 
halogen salts of silver have been already referred to (pp. 168, 169). 
Large quantitie are used for photographic purposes. Owing to 
its decomposition by chlorine, it is also employed to remove the 
last traces of chlorine from articles which have been bleached 
with this. substance, and is hence often called an antichlor. A 
cheap mode of preparing it consists in decomposing a solution of 
oxidized alkali-waste (p. 169), which contains calcium thiosulphate, 
with sodium carbonate ; insoluble calcium carbonate and a solu- 
tion of sodium thiosulphate are thus obtained. 


Sodium Nitrate (Chili Salipetre): NO,-ONa, crystallizes in 
rhombohedra which so closely resemble cubes that it has been 
called cubzc nitre. It ismore easily soluble in water than potassium 
nitrate, and only requires about its own weight of water for solution 
at the ordinary temperature. The salt is found in large deposits 
in nature, especially in South America on the borders of Chili and 
Peru, and is an important article of commerce. This crude zifrate 
of soda is, however, far from pure ; it contains sodium chloride, 
iodide and sulphate, together with earthy impurities, and may be 
purified by cerystallization. The mother-liquors are used for the 
preparation of iodine (p. 124). Pure sodium nitrate may be pre- 
pared by neutralizing caustic soda or sodium carbonate with nitric 
acid. 

It has already been mentioned that sodium nitrate is slightly 
hygroscopic, so that gunpowder prepared from it becomes moist 
and useless. Nevertheless, sodium nitrate can be readily converted 
into potassium nitrate, and so used indirectly for the preparation 
of gunpowder. It is also used for the manufacture of nitric acid. 


Sodium Carbonate, or Soda: CO te + 10H,O.—Just as 
land-plants require potassium compounds for their growth, so are 
sodium compounds necessary for sea-plants. The former derive 
their potash from the soil, the latter obtain their necessary soda 
from the sea. And when sea-plants are burnt their ashes contain 
Sodium carbonate, in the same way as the ashes of land-plants 
contain the corresponding potassium carbonate. 

Until some eighty or ninety years ago, most of the soda used in 
the arts was obtained in this way from sea-plants, and, atthat time, 


bL 
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large quantities of potash were imported into France and Western 
Europe from Russia, Germany, and America. But atthe end of 
the preceding century, during the French revolution, this importa- 
tion of potash into France almost ceased, and many important 
industries depending upon a supply of alkali seriously diminished. 
A commission was then appointed by the French Government to 
examine into any processes for converting common salt into soda, 
and they decided in favour of the method discovered by Zeblanc— 
a process which has remained practically the same from then to 
the present day. Since then this branch of industry has attained 
immense dimensions, and the price of soda has fallen so low that 
in many cases it has displaced the more expensive potash, except 
when this alkali alone can be used—e.g. in the manufacture of 
potash glass, &c.! 

The quantity of soda which occurs in the mineral kingdom, 
partly in the crystalline state and partly in solution, in the soda- 
lakes of Egypt and North America, is only of local importance, 
and is inappreciably small in comparison with the immense quan- 
tities of this salt which are used for so many purposes. 

The conversion of common salt into soda, when casually con- 
sidered, does not appear a difficult problem. It might be thought 
that on heating calcium carbonate with sodium chloride the two 
salts would yield sodium carbonate and calcium chloride. But 
even supposing this reaction to take place when the dry sub- 
stances are heated, it would not be possible to separate the sodium 
carbonate from the calcium chloride, because, on the addition of 
water, both would be dissolved, and would again produce sodium 
chloride and insoluble calcium carbonate. Such a process could 
only be successful if the calcium chloride were converted into a 
compound insoluble in water. And,as a matter of fact, the process 
introduced by Leblanc depends upon the conversion of a sodium 
salt and calcium carbonate into sodium carbonate and an insoluble 
calcium compound, so that when the mixture is digested with 
water, sodium carbonate alone dissolves. Leblanc used sodium 
sulphate for this purpose, and this salt must first be obtained from 
sodium chloride. 

The process of manufacturing soda, or the alkali manufacture, 
as it is usually called, is not a simple one ; various conditions are 
necessary for carrying it on successfully, and the process consists 
of several distinct chemical operations. The manufacture requires, 


1 See foot-note on p. 349. 
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in the first place, a large supply of common salt and limestone, 
and, secondly, of sulphuric acid. And as the immense quantities 
of sulphuric acid which are necessary for the production of the 
sodium sulphate cannot well be obtained from other manufactories, 
the acid is made on the spot, and sulphuric acid chambers with 
other requisites for manufacturing the acid are one necessity of 
every alkali works. This sulphuric acid is then used in the first or 
salt-cake process, to convert the sodium chloride into sodium 
sulphate or sa/t-cake ; large quantities of hydrochloric acid being 
then obtained as a bye-product (p. 108). 

After all the preliminary conditions have been fulfilled which 
are necessary to obtain the sodium sulphate or salt-cake on a 
sufficiently large scale, the actual operation of soda manufacture, 
or the conversion of sodium sulphate into sodium carbonate, can 
be commenced. But it is not the object of this small text-book to 
describe all the details of the manufacture of alkali, nor indeed can 
technical chemistry, as little as practical chemistry, be learnt from 
books. A number of practical details, often apparently inex- 
plicable, must be attended to ifthe manufacture is to be a success, 
and these details cannot be learnt from books, but a knowledge of 
them must be acquired in the manufactory itself. And this is true 
not only for the manufacture of soda but also for every other branch 
of chemical industry. There is always a gap between theoretical 
and practical chemistry, which remains unbridged for the man who 
works by rule-of-thumb, but which is readily accounted for by the 
scientific chemist who has learnt to observe accurately and to 
solve chemical problems by experiment. 

It is therefore sufficient if the student understands the chemical 
reactions upon which the change of sodium sulphate into sodium 
carbonate depends. 

In the second process of alkali manufacture—the black-ashı 
frocess—the sodium sulphate (salt-cake) is mixed with calcium 
carbonate (limestone) and small coal, the mixture heated in 
rotating furnaces, and the black mass (d/ack-ash) which remains 
behind lixiviated with water to dissolve the sodium carbonate. 
‚The salt then crystallizes out on evaporating this solution. The 
‚chemical reactions which produce this change are as follows. 
Sodium sulphate, when heated with the carbon of the coal, is 
Converted into sodium sulphide and carbonic oxide :— 


Ki 


SO,(ONa, + 4C = NaS + 4CO, 


BB2 
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and this sodium sulphide is at once decomposed by the calcium 
carbonate, producing sodium carbonate and calcium sulphide :— 
NS + CO-.0,Ca = 'CO(ONa, + CaS. 

On lixiviating this mass with water, the soluble sodium carbonate 
dissolves, and the insoluble calcium sulphide remains behind. 
This insoluble residue of impure calcium sulphide constitutes 
alkali-waste, and when exposed to the air, gradually forms poly- 
sulphides of calcium and other salts which dissolve in the drainage 
water, and which liberate sulphuretted hydrogen when coming 
into contact with acid liquors. Hence, not only is the loss of 
material in the waste very considerable (it contains the whole 
of the sulphur present in the sulphurie acid employed), but it is 
also an intolerable nuisance to the neighbourhood of alkali works. 
Many proposals have been made to recover the sulphur from this 
waste, some of which have proved partially successful. 

In practice, a much larger quantity of limestone is employed 
than that represented by the above equation. This excess of 
limestone becomes converted into quick-lime during the heating, 
and then produces a corresponding quantity of caustic soda, which 
remains in the mother-liquor after the sodium carbonate has 
erystallized out. In some alkali works considerable quantities of 
caustic soda are manufactured in this way. 

Soda is also manufactured to some extent from cryolite, a 

double fluoride of sodium and aluminium : 3NaF, AlIF, (p. 134). 
This compound, when mixed with powdered limestone and strongly 
heated, decomposes into soluble sodium aluminate and insoluble 
calcium fluoride :— 
Na,AlF, + 3CO-0,Ca = NaAlO, + 3CaF, +3C0% 
And when a stream of carbonic acid is led through the solution 
of sodium aluminate produced on digesting the mass with water, 
sodium carbonate is forıned and aluminium hydrate precipitated. 

The direct conversion of common salt into soda has been very 
successfully worked in recent years, and the quantity of soda 
annually produced by this ammonia-soda process is rapidly in- 
creasing. It has been found that a mixed solution of common 
salt and acid ammonium carbonate is converted under a pressure 
of about two atmospheres into ammonium chloride and acid 
sodium carbonate :— 


(OH (ONa : 
Nacl + COlonn, = COlon + NHAL 
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The process which is based upon this reaction is carried out 

in the following manner. A saturated solution of common salt is 
mixed with ammonia, and then saturated with carbonic acid under 
a pressure of two atmospheres. The acid sodium carbonate, 
which is only difficultly soluble in water, then separates out, is 
filtered off under pressure, and converted into the normal carbo- 
nate by heating. The carbonic acid which is then given off is 
again used to reconvert the ammonia which is recovered from the 
ammonium chloride into ammonium carbonate. 
The ammonia-soda process is not only simpler than the 
older method, but it only yields one bye-product—viz. calcium or 
magnesium chloride, arising from the decomposition of the ammo- 
nium chloride by lime or magnesia. Leblanc’s process, on the 
other hand, gives a number of objectionable residues, from which 
only a portion of the sulphur can be again obtained. Still the 
ammonia process can never entirely displace the black-ash process, 
because we cannot dispense with hydrochloric acid which is pro- 
duced in such large quantities as a bye-product. 





Although the compounds of sodium and potassium as a general 
rule are very similar to one another, the two carbonates are 
strikingly different, especially in their behaviour with water. 
Potassium carbonate is very soluble in water, and can only be 
obtained in the crystalline form with difficulty ; it even attracts 
moisture from the air and deliquesces. Sodium carbonate, on the 
other hand, is much less soluble in water, and can be easily ob- 
tained in large crystals, which when exposed to the air rapidly lose 
water and eflloresce. A dry fresh crystal placed on the scale-pan 
of a balance loses weight rapidly and continuously. 

The ordinary erystals of sodıum carbonate are large trans- 
parent monoclinic tablets containing 10 molecules or 63 per cent, 
of water. When these crystals are heated, they melt at 50° in 
their water of crystallization, to form a clear liquid. Ata higher 
temperature water is expelled, and finally the anhydrous salt 
remains behind. Sodium carbonate when crystallized from solu- 
tions above 50° contains only 7 molecules of water. The degree 
of solubility of sodium carbonate in water at different temperatures 
varies considerably. The solubility increases with the temperature 

up to about 35°, but then begins to Ban with the separation 
of a salt containing less water. " 

The crystals when exposed to the ; air become covered with a 


m 
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thin, loosely attached layer of a compound containing less water, 
into which the salt is finally completely converted. Ifa crystal of 
soda which has been long exposed to the air is broken, a small 
nucleus of the transparent undecomposed salt may often be found 
in the centre. 

When strongly heated in a platinum crucible, anhydrous 
sodium carbonate melts to a clear liquid, without undergoing 
decomposition ; carbonic acid is not expelled. An aqueous solu- 
tion of sodium carbonate, like one of potassium carbonate, reacts 
strongly alkaline. 

Acid Sodi: 4 j ONa > PER 

cid Sodium Carbonate: CO Ion „This salt, which is com- 
monly known as bicarbonate of soda, is obtained by leading a 
stream of carbonic acid through a strong solution of the normal 
carbonate. The acid carbonate, owing to its smaller solubility, 
then separates out as a crystalline powder. It is usually prepared 
by saturating a mixture of I part of the crystalline normal carbonate 
and 3 parts of the anhydrous salt with carbonic acid. The salt 
erystallizes without water in small distorted monoclinic plates, and 
requires about II parts of water for solution at the ordinary tempe- 
rature. Its solution reacts neutral, but loses carbonic acid when 
boiled, and is first converted into the so-called sesguicarbonate 
of soda, which is a hydrated double compound of the normal and 
acid carbonates, of the composition :— 
co RE (ONa 


\ONa + 2CO|oH + 2H,O. 


This double compound is found in nature as small hard crystals, 
which are permanent in the air. It separates on the banks of the 
soda-lakes of Egypt and America, and is brought into trade under 
the name of Trena. 

Acid sodium carbonate is used to some extent in medicine, 
especially in the preparation of Seidlitz powders. It is found in 
many mineral springs, and particularly in those which are alkaline. 


Phosphates of Sodium.— Of the various compounds of phos- 
phoric acid and sodium, the best known and most important is 


Monacid Sodium Phosphate : PO | Sn As ı2H,0, which is 


obtainedby nearly neutralizingcaustic soda or sodium carbonate with 
ordinary phosphoric acid. On evaporating this solution down, the 
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salt separates out in large transparent crystals which easily eflloresce 
in the air. Its solution possesses a faint alkaline reaction although 
itis an acid salt. The hydrated salt readily loses its 60 per cent. 
of water of crystallization when heated to 100°; andata red heat 
it is decomposed into water and sodium pyrophosphate (p. 219). 


Normal Sodium Phosphate: PO(ONa),+ı12H,O, crystallizes 
in thin six-sided prisms when a solution of the preceding salt is 
mixed with sufficient caustic soda and evaporated down. The 
solution has a strong alkaline reaction ; it absorbs carbonic acid 
from the air, and becomes converted into sodium carbonate and 


the monacid phosphate. 


Diacid Sodium Phosphate : on + H,O, is obtained 


when a solution of the monacid phosphate is mixed with as much 
phosphoric acid as it already contains. The solution has an acid 
reaction ; when evaporated down it yields the salt in rhombic 
prisms, which are easily soluble in water. 

Very dıfferent from these three salts is the sodium compound 
of monobasic metaphosphoric acid : 


Sodium Metaphosphate: PO,-ONa, which is obtained by heat- 
ing diacid sodium phosphate :— 


(ONa M 
PO4, = PO,:ON e! 
\(OH), „ONa + H,O 


(p- 219), as an amorphous vitreous mass, and which cannot be ob- 
tained in the crystalline form. 

' POlONaE + 10H,O, is prepared by 
heating the monacid sodium phosphate to redness (p. 219), and sepa- 
rates from an aqueous solution of theresidue in large crystals, which 
are permanent intheair. Its solution may be boiled without change, 
but if nitric acid is added and the solution then boiled, the salt is 
decomposed into sodium nitrate and diacid sodium phosphate. 


Sodium Pyrophosphate: O 


Sodium Arsenate: AsO en a2, ı2H,O, which is isomor- 


phous with the corresponding common sodium phosphate, is de- 
posited from its aqueous solution in large well-developed erystals. 

It is largely used in calico-printing and dyeing. The wormal 
or diacid arsenates closely resemble the corresponding phos- 
phates. 
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Sodium Borate:: B,O,(ONa),+10H,O (p. 264). —This salt, 
which is commonly known as dorax, and is found in nature as the 
mineral Zzrkal, is prepared by neutralizing a hot solution of sodium 
carbonate with boric acid. When the solution is allowed to 
evaporate slowly the salt separates out as large transparent mono- 
clinic prisms of the above composition, which only slightly change 
inthe air. At the ordinary temperature 100 parts of water only 
dissolve about 7 parts of the salt, but the same quantity of water 
dissolves more than 200 parts of the salt at 100°, The solution 
possesses a faint alkaline reaction. From a concentrated aqueous 
solution of borax at 70° or 80°, the salt crystallizes in octahedra 
with only 5 molecules of water. This ociahedral borax is distin- 
guished from ordinary prismatic borax by its greater hardness. 
Borax loses its water when heated and swells up into a porous 
mass ; at higher temperatures the salt melts toa ciear liquid which 
solidifies on cooling to a hard transparent glass. Fused borax 
possesses the property of dissolving metallic oxides, often in con- 
siderable quantities, and the variously coloured glasses which are 
thus produced afford a test for various metals. Thus cobalt oxide 
imparts a blue colour to fused borax ; manganic oxide gives a 
violet, but manganous oxide a colourless glass ; while cupric oxide 
and chromic oxide yield green-coloured glasses. 

Borax is employed in the arts as well as in the laboratory. Its 
property of dissolving metallic oxides makes it useful in soldering 
two pieces of metal together when the surfaces to be united must 
be perfectly free from oxide. Considerable quantities of borax are 
used for glazing porcelain and in the manufacture of enamels. It 
is also a valuable medicine. 


The compounds of sodium with the halogens and with sulphur 
closely resemble the corresponding compounds of potassium, and 
of these the chloride is the only one which need be referred to in 


detail. 


Sodium Chloride (Common Salt): NaCl.—This salt not only 
occurs widely distributed in nature, but is also found in immense 
quantities, partly as solid vock-salt, and partly in aqueous solution 
in brine springs and in the sea. 

Common salt crystallizes in the regular system, and generally 
in cubes. It contains no water of crystallization, but usually 
includes small quantities of water mechanically, which cause the 
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terystals to decrepitate when heated. It possesses a well-known 
:saline taste, and is only slightly more soluble in hot than in cold 
water. 1Ioo parts of water dissolve 36 parts of salt at the ordinary 
temperature, and only 39 parts at 100°. The concentrated aqueous 
solution, therefore, scarcely contains 27 per cent. of the salt. It is 
iinsoluble in strong alcohol. When an aqueous solution of common 
:salt is evaporated down, the crystallization commences first where 
tthe concentration is greatest—z.e. on the surface—and the small 
«cubes which are thus produced gradually increase in weight, and 
:sink to the bottom of the vessel. 

The extraction of salt from the brine springs of Cheshire and 
Worcestershire is an extremely simple process, and consistsin eva- 
porating the brine in shallow iron pans. In countries where fuel is 
dear and the brine less concentrated—e.g. in Germany, the solution 
is allowed to trickle several times over tall walls of faggots of thorn, 
which exposes a large surface to the air, and causes a rapid evapo- 
ration of water. After a concentrated solution has been obtained 
by this process (called graduwation), the strong brine is boiled down 
in iron pans. 

In the same way, salt has also been obtained from sea-water, 
although this liquid only contains about 3-5 per cent. of it. In 
warm southern climates, for example, in the south of France and 
on the coast of Africa, shallow basins are filled by the sea at high 
water, then closed, and the water evaporated by the heat of the sun 
and bythe warm winds. Salt obtained from sea-water in its crude 
state, and containing various impurities, is commonly known as 
bay-salt. 

Brine springs are produced by water coming into contact with 
deposits of rock-salt in the earth, and artificial springs are very 
often formed by drilling down to the layer of salt and pumping in 
water. In some cases the rock-salt is mined in the ordinary way, 
and brought to the surface in the solid state. The chief deposits 
of salt occur in Galicia, in various parts of Germany, and at North- 
wich and Droitwich in England. Very important salt deposits have 
been recently discovered at Stassfurt, near Magdeburg, where the 
common salt is associated with potassium chloride and other com- 
Pounds. 

Rock-salt can be used in its crude state for most technical pur- 
poses, but not as a condiment, as it possesses an impure taste due 
to various impurities, which may, however, be separated from it by 
recrystallizing it from its solution in ‚water. 


li 
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Commercial common salt often differs both in its external 
appearance and in its taste. In some cases the cubes in which 
it crystallizes are arranged together in large pyramids, in other 
cases they are separate and form a granular crystalline powder. 
One sample may become moist in the air, and possess an intense 
saline taste, while another remains dry, and tastes much less salt. 
The form in which the salt crystallizes depends-partly on the 
temperature of evaporation, and partly upon the presence or 
absence of foreign substances, such as sodium sulphate, magnesium 
chloride, or calcium chloride. The two latter salts are those which 
cause the salt to deliquesce in the air, and which impart the sharp 
saline taste that some samples possess. Pure sodium chloride 
does not become moist when exposed to the air, and has a pure 
saline taste. 

Common salt is almost as essential for the life and health of 
men and animals as the air which they breathe, and if a State 
imposes a tax upon this most necessary food (as in Germany), 
while luxuries such as tobacco remain almost untaxed, it proves 
that its rulers lack scientific training, and that they do not under- 
stand the simplest and most important questions bearing upon the 
material well-being of the people. 


Detection of Sodium Compounds. 


The intensely yellow colour which sodium compounds impart 
to a Bunsen flame, together with the single yellow line of the 
sodium spectrum (see table of spectra) are so characteristic that 
it is scarcely possible to overlook the presence of even small 
quantities of the metal. Sodium salts may be distinguished from 
those of potassium by the solubility of sodium chlorplatinate: 
Na,PtCl,, both in water and in alcohol. The two carbonates are 
also very different. Potassium carbonate deliquesces in the air, 
but the sodium salt efiloresces. 


LITHIUM. 
Chemical Symbol : Li.— Atomic Weight: 7. 


Lithium is a rare element, but on account of the extensive use 
of some of its compounds in medicine is of considerable value. It 
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s also widely distributed in nature, and is found, though always in 
mall quantities, in the minerals:: /eßzdolite, petallite, triphylline, 
c., as well as in numerous mineral springs, especially in one near 
edruth in Cornwall. 

The solubility of lithium carbonate in water affords a basis for 
the separation of this salt from the carbonates of the alkaline earths, 
while, on the other hand, its nearly insoluble phosphate permits its 
separation from the easily soluble phosphates of the alkalies. The 
reparation and purification of lithium compounds depend on the 
roperties of these two salts. 

Metallic lithium, which may be prepared by electrolysis of its 
fused chioride, is a silver-white tough metal, harder than potassium 
r sodium, but softer than lead. It is distinguished by its low 
sspecific gravity (0'59), and is, in fact, the lightest solid known. Its 
mmelting-point is 180°, but, unlike potassium and sodium, it is not 
wolatile at a red-heat, and can only be distilled at very high tem- 
fperatures. Intheair it oxidizes less easily than potassium and 
ssodium, but its freshly-cut surface soon becomes covered with a 
ccoating of oxide. When heated in the air above its melting-point, 
iit catches fire and burns brightly. Water is easily decomposed by 
jit at the ordinary temperature, but the hydrogen is not inflamed. 
IIt burns readily in chlorine, producing its chloride. 

Of the compounds of lithium : Zr/hium oxide and lithium per- 
toxide have been but little investigated. 


Lithium Hydrate (Lithia): LiOH, which may be prepared by 

!boıling the carbonate with slaked-lime, remains behind on evapor- 
sating the alkaline solution in a silver dish as a white, transparent, 
teasily fusible mass. It resembles caustic soda in external appear- 
sance, but is less soluble in water and does not deliquesce in 
tthe air. 
Lithium Sulphate : SR 
Iprisms and is easily solublein water. — ZiYuum Nitrate: NO,-OLi, 
‘erystallizing without water in rhombohedra, is very easily soluble 
iin water, and deliquesces in moist air. 


+H,0, erystallizes in rhombie 


Lithium Phosphate: 2PO(OLi), + H,O, is very difficultly solu- 
!ble in water, and is precipitated on mixing a solution of mon- 
‘acid sodium phosphate with one of a soluble lithium salt as a 
“white, heavy crystalline powder, the quantity of which is increased 


f 
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on neutralizing the liquid with a little caustic soda or ammonia. 
The salt requires about 2,:00 parts of water for its solution at th 
ordinary temperature, and is still less soluble in water containing 
ammonia. 

Lithium Carbonate : CO (911 This compound, which is also 
difhcultly soluble in water in comparison with the carbonates of 
potassium and sodium, is deposited as a white powder on adding 
sodium carbonate to a concentrated solution of lithium chloride, 
It dissolves in about 100 parts of water at the ordinary temperature, 
yielding a solution which is faintly alkaline. Hot water dissolves 
more, but it is insoluble in alcohol. Lithium carbonate possesses 
the remarkable property of forming a soluble compound with the 
insoluble uric acid, and is therefore largely taken as a medicine to 
remove this substance from the body, when it separates out during 
the progress of certain diseases (gouty affections, stone, &c.). The 
lithium carbonate is usually given in water containing free carbonic 
acid (lithia-water), in which the salt dissolves more readily than in 
pure water. 














Lithium Chloride: LiCl, crystallizes from very concentrated 
solutions in cubes or octahedra. It is very soluble in water and 
deliquesces in the air. It is also soluble in alcohol, and even in a 
mixture of alcohol and ether. When fused in an open vessel it 
loses some chlorine and becomes partially converted into a basic 
chloride. 


Detection of Lithium Compounds. 


The smallest quantity of a lithium compound when introduced | 
into a non-luminous gas flame gives a splendid crimson colour, the 
spectrum of which is one single line in the red (see table). The 
precipitates produced by sodium carbonate or phosphate in strong 
solutions of lithium compounds also serveto distinguish them from 
those of potassium and sodium. 


RUBIDIUM AND CZESIUM. 


(Rb 


Chemical Symbols : \ Cs Alomic Weights: | 85-4 


133-0 
These two rare elements are as yet only of chemical interest. 
Both were discovered by Bunsen and Kirchhoff during their 
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esearches in spectrum analysis. The two metals are found in 
inute quantities in certain minerals, in the ashes of some plants, 
d in some mineral springs. One of the richest sources of the 
two chlorides isthe mineral water of Dürkheim in the Bavarian 
IPalatinate, in which czsium was first discovered by Bunsen, but 
ven this only contains one part of czsium chloride in 6,000,000 
parts of the water. 


Rubidium, which is obtained, like potassium and sodium, by 
eglowing an intimate mixture of its carbonate and charcoal, is a 
wwhite metal with a faint yellowish tint. It isas soft as wax even at 
110°, melts at 38°, and has a specific gravity of ı'5. It at once 
coxidizes when exposed to the air, and then becomes so strongly 
Iheated that it soon catches fire. When brought into contact with 
\water, decomposition at once takes place and the liberated hydro- 
gen is ignited. 

The compounds of rubidium so closely resemble those of potas- 
‘sium that it is very difficult to separate the two from one another. 
"The double chlorides of the metals with platinum are best adapted 
‘for this separation, the rubidium compound (zRbCl, PtCl,) being 
much less soluble in water than the corresponding potassium com- 
pound. Rubidium is more electro-positive than potassium. Com- 
pounds of rubidium when heid on a platinum wire in a non- 
luminous gas flame impart a violet colour to it resembling that of 
potassium compounds. The spectrum of this flame is, however, 
quite different, and is characterized by two lines in the red and 
two in the violet. 


Casium, which is even rarer than rubidium, has been recently 
obtained in the metallic state by the electrolysis of a mixture of 
cesium and barium cyanides. It is a white, very soft metal, 
melting at 27° or a summer temperature, and of 1'88 specific 
gravity. It decomposes water with explosive violence, and is even 
more electro-positive than rubidium. Casium is, therefore, the 
most electro-positive of all metals, and has a stronger affınity for 
oxygen, chlorine, &c., than any other metal. Its compounds closely 
resemble those of rubidium and potassium. In order to separate 
it from these two metals the solubility of its carbonate in absolute 
alcohol, in which the carbonates of rubidium and potassium do not 
dissolve ‚may be made use of. "The spectrum of cesium compounds 
is especially characterized by two lines in the bright blue. 


ar 
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AMMONIUM. 






It has already been remarked (p. 188) that we are not acquainted 
with the substance called ammonium in the free state ; but the fact 
that it forms an amalgam with mercuryand the close relation of its 
compounds to those of potassium, justify us in deciding in favour 
of its metallic nature, and in placing it together with the metals of 
the alkalies. Its composition is expressed by the formula: NH,, 
or perhaps more correctly as N,H,=(NH,),. 

Ammonium oxide and hydrate are just as little known as 
ammonium itself. It has sometimes been stated that the aqueous 
solution of ammonia in water contains ammonium hydrate ; 
NH,+H,0=NH,OH, but this is as little true as the assertion 
that a solution of carbonic anhydride in water contains carbonic 


( E 
acid: Eee The mere fact that it is only necessary to blow 


a current of airor some other indifferent gas through these solutions 
to expel the whole of the gas, sufficiently proves that they are not 
true chemical compounds. 


The ammonium salts are easily obtained by neutralizing 
ammonia or ammonium carbonate with the corresponding acid. 
Like those of potassium, they are nearly all soluble in water, and 
mostly crystallize well. 


Ammonium Sulphate: SO, ON —This salt, which is iso- 
morphous with potassium sulphate, can easily be obtained in the 
crystalline state. It melts at 140°, and decomposes at higher tem- 
peratures into ammonia, water, nitrogen, and ammonium sulphite, 
which sublimes. with some unchanged ammonium sulphate. It is 
manufactured on a large scale by leading the ammonia evolved on 
heating the ammoniacal-liquor of the gas works with milk of lime 
into dilute sulphuric acid until saturation, and then evaporating 


down. Anacid salt, ofthe composition : SO, | ONH, is also known. 


Besides these compounds, normal salts, in which one of the atoms 
of ammonium in ammonium sulphate is displaced by potassium or 
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ssodium, also exist ; they have the composition: Ba and 


„[ONa 
so INHO, + 2H,O.!' 

Ammonium Nitrate: NO, -ONH,, crystallizes in six-sided 
ıprisms, without water, and is isomorphous with potassium nitrate. 
IIt is easily soluble in water, absorbing heat, and deliquesces in the 
sair. When heated it first melts and is then converted into nitrous 
toxide and water (p. 198). 


Ammonium Phosphates. Ihe compounds of phosphoric acid 
with ammonia closely resemble those of sodium and potassium. 


‚A salt corresponding to the monacid phosphate: PO ' neh 


iin which one atom of ammonium is displaced by one of sodium, is 

tthe compound called wzcrocosmzc salt, or monacid sodium-ammo- 
(OH 

ınium phosphate : PO- ONH, +4H,O. Itis easily obtained by dis- 
\ONa 

solving 6 or 7 parts of common sodium phosphate and ı part of 

ammonium chloride in 2 parts of boiling water, and separates out 

on cooling in well-defined cerystals. It may be freed from the 

sodium chloride which it contains by recrystallizing with the addi- 

tion of a little ammonia. 

This salt loses its water when heated, and then gives off am- 
monia, leaving sodium metaphosphate : PO,-ONa, as an easily 
fusible mass. For this reason the salt is used in blowpipe analysis. 
A fragment heated on a platinum wire in a Bunsen burner gives a 
glass bead of sodium metaphosphate, which, like borax, can dissolve 
various metallic oxides and become coloured by them. Silica is 
not dissolved by the fused salt, and may thus be readily detected. 


Ammonium Carbonate.—ÜOn the union of ammonia and 
carbonic acid, different compounds are produced according to the 
conditions under which the combination takes place. It has 
already been stated (p. 290) that if the two gases act upon one 
(NH, 
\ONH, 
! These may also be regarded as double salts of the two sulphates, thus :— 


a Br :ONH i N: ö N 
SO, IK +s0, I ONH“ and SO, [ON4+S0, [ONntatl0, but are best 


Tepresented by the above formule.—ED. 


E 


another in the absence of water, ammonium carbamate: CO 


384 Text-Book of Inorganic Chemistry. 


and not ammonium carbonate is formed. The same salt is also 
produced when aqueous ammonia is saturated with carbonic acid, 
although the chief product of this reaction is ammonium carbo- 
nate. And it is highly probable that the normal as well as the 
acid salt which cerystallize from concentrated solutions (the former 
when ammonia is in excess, the latter with excess of carbonic acid) 
contain ammonium carbamate. 

The commercial ammonium carbonate (carbonate of ammonia) 
is manufactured by heating a mixture of ammonium chloride or 
sulphate with powdered chalk;; it then sublimes as a translucent, 
crystalline solid, with a strong ammoniacal odour. When exposed 
to the air, it crumbles to a white crystalline powder, consisting 
chiefly of acid ammonium carbonate. This substance was pre- 
viously thought to be a mixture of the normal and acid ammonium 
carbonates, of the composition : CO on + Co, hence 


4 
its old name of sesquicarbonate, but is now known to contain 


considerable quantities of ammonium carbamate, and is therefore 
a mixture of several salts. The presence of the ammonium 
carbamate may be readily shown by shaking the freshly prepared 
solution with calcium chloride, and filtering off the clear solution 
from the precipitated calcium carbonate. This solution contains 
calcium carbamate, which gradually decomposes on standing, 
more quickly if heated, with the formation of insoluble calcium 
carbonate. A solution of ammonium carbonate free from the 
carbamate does not give the same result; nor does a solution of‘ 
the commercial salt which has been prepared for some time, since 
ammonium carbamate when dissolved in water gradually, or quickly 
if warmed, takes up the elements of water, and becomes converted 
into ammonium carbonate. 

Ammonium carbonate is produced during the destructive dis- 
tillation of nitrogenous organic substance—e.g. coal. Andalthough 
the quantity of nitrogen contained in coal is very small, and only 
a part of this nitrogen is converted into ammonia, still the immense 
quantities of coal which are used for the manufacture of coal-gas 
are so great that very nearly all the ammonium compounds now 
brought into trade are derived from the ammoniacal liquors of the 
gas-works. 

Ammonium carbonate is also produced by the putrefaction of 
organic compounds containing nitrogen. Large quantities are 
always present in putrid urine and sewage, and are produced from 
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tthe decomposition of the urea which they contain. This compound 

ttakes up two molecules of water during putrefaction, and becomes 

cconverted into ammonium carbonate !— 
CH,N,O + 2H,0 = CO 


Urea 


(ONH, 
\ONH, 


Ammonium Chloride /Sal-ammoniae): NH ,C1.—This salt is 
!brought inte trade in two forms. First, when crystallized from 
water as a white powder of small octahedra, or cubes, grouped 
ttogether ; and secondly, when obtained by sublimation as a fibrous, 
ıcrystalline, and compact mass. It possesses a saline taste, and is 
:soluble in about 2'5 parts of water at the ordinary temperature, or 

in rather more than its own weight at 100°. It is nearly insoluble 
in alcohol. When heated it volatilizes, without melting and with- 
out decomposition. At a higher temperature its vapour dissociates 
into hydrochloric acid and ammonia, which reunite on cooling. 

In former times large quantities of sal-ammoniac were imported 
from Egypt, where, for lack of other fuel, dried camel’s dung was 
burnt. The nitrogen and common salt contained in the dung gave 
rise on burning to ammonium chloride, which was deposited with 
the soot in the chimneys, and was afterwards purified by some 
crude method. 

Beautiful crystals of ammonium chloride are sometimes found 
in the cavities of solidified lava, and it was formerly thought that 
the salt had been sublimed with the lava from the interior of the 
earth. But it has been proved by Bunsen, from observations of 
volcanic phenomena in Iceland, that crystals of ammonium chloride 
are only found where the glowing lava has flowed over ground 
covered with vegetation. The ammonia produced by the dry dis- 
tillation of the plants would then unite with the free hydrochloric 
acid contained in the lava, and so produce ammonium chloride. 

Ammonium chloride, like all other ammonium compounds, is 
now almost exclusively obtained from the ammoniacal liquor of the 
gas-works (p. 322). The amınonia which is evolved on heating 
the gas-liquor with milk of lime is passed into dilute hydrochloric 
acid until saturated, and the solution so obtained then evaporated 
down. The crude salt is afterwards purified, either by crystalliza- 
tion or by sublimation. 

Sal-ammoniac is largely used in the arts for the preparation of 


ammonia (p. 184), as a valuable medicine, in dyeing, and for many 
other purposes. 


cc 
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Ammonium Bromide: NH,Br, closely resembles the chloride, 


but is still more soluble in water. It is largely used in photography 
and in medicine. 


Ammonium Sulphide:: (NH,),S, and Ammonium Sulphy- 
drate: (NH,)HS.— Both compounds may be obtained in the 
crystalline form by allowing dry ammonia and dry sulphuretted 
hydrogen to act upon one another at a low temperature (- 15°). 
When the ammonia is in excess the former compound is produced, 
with excess of the sulphuretted hydrogen, the latter. Ammonium 
sulphydrate may also be prepared by leading sulphuretted hydrogen 
into a saturated solution of ammonia in absolute alcohol, when the 
compound cerystallizes out. The two compounds are usually pre- 
pared in aqueous solution. If aqueous ammonia is completely 
saturated with sulphuretted hydrogen, ammonium sulphydrate is 
formed, and if to this liquid the same quantity of ammonia is added 
as was used for its preparation, it is converted into ammonium 
sulphide. 

Both are colourless liquids, soon becoming yellow when exposed 
to the air, and smelling both of ammonia and sulphuretted hydro- 
gen. The yellow colour which the solutions acquire when exposed 
to the air is due to partial oxidation of the sulphuretted hydrogen 
which they contain. During this process water and free sulphur 
are produced, and the latter substance then dissolves in the unde- 
composed sulphide. Ammonium sulphide, like potassium sulphide, 
can dissolve large quantities of sulphur, and so produce polysul- 
phides corresponding to those of potassium. 

Ammonium sulphide is much used in analytical chemistry, 
partly to precipitate the sulphides of those metals which are 
insoluble in water, but which are not formed by the action of 
sulphuretted hydrogen on an acid solution, and partly to dis- 
solve those insoluble sulphides which have the character of 
sulpho-acids (e.g. antimony sulphide). With such sulphides it 
forms soluble sulphosalts, and they may be thus separated from 
other insoluble sulphides (e.g. lead sulphide) which have not this 
property. 


Oxyammonium Salts.— Just as ammonia unites with acids and’ 
forms the ammonium salts, in the same manner the derivative of 
ammonia—oxyammonia or hydroxylamine: NH,-OH (p. 186)— 
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|produces with acids the salts of the radical oxyammonium. The 
ıradical itself: NH,OH or (NH,OH),, is as little known in the free 
state as is ammonium. 

Oxyammonium Sulphate: SO, i 5 HoH) crystallizes from 
jits aqueous solution in large colourless prisms, and is insoluble in 
alcohol. 


Oxyammonium Chloride: NH,OH-ClI, is soluble both in water 
‚and in absolute alcohol, and by this latter property can be separated 
from ammonium chloride. It crystallizes from water in tablets, 
from alcohol in monoclinic prisms, melts at ı51°, and is decom- 
posed at a slightly higher temperature into nitrogen, hydrochloric 
acid, ammonium chloride, and water. 


Detection of Ammonium Compounds, 


The similarity between the ammonium and potassium com- 
pounds is so close that on mixing solutions of ammonium chloride 
and platinum chloride a yellow crystalline precipitate of ammonium 
chlorplatinate: (NH ,),PtCl,, is produced, just as difficultly soluble 
in water, and just as insoluble in alcohol as the potassium com- 
pound. If, however, the ammonium compound is heated, ammo- 
nium chloride and chlorine are evolved, and pure spongy platinum 
remains behind, from which water extracts nothing. 

Compounds of ammonium are best recognized by their beha- 
viour with caustic alkalies (potash, soda, or lime), which liberate 
ammonia even in the cold, but more readily when gently warmed. 
This free ammonia can be detected by its odour, and by the white 
fumes of ammonium chloride produced when a glass rod, moistened 
with hydrochloric acid, is brought near the liquid. 

Minute traces offree ammonia or ammonium compounds may be 
detected by Nessier’s solution—an alkaline solution of potassium- 
mercuric iodide. When a few drops of this solution are added to 
a dilute solution containing ammonia or a salt of ammonium, a 
reddish-brown precipitate or corresponding colour is at once pro- 
duced. In this way it is possible to detect ;1, of a milligramme of 


300 


ammonium chloride dissolved in 50 c.c. of water. 


cc2 


m 


388 Text-Book of Inorganic Chemistry. 



















METALS OF THE ALKALINE EARTHS. 


The four metals belonging to this group: calcium, strontium, 
barium, and magnesium;, are distinguished from the metals of the 
alkalies by their weaker attraction for oxygen, and .further by the 
fact that their oxides, or rather hydrates, are much less soluble 
than those of the alkali-metals, and do not deliquesce in the air. 
Their sulphates (except that of magnesium) are also much less 
soluble in water than the alkaline sulphates, and their carbonates 
are quite insoluble. 

By far the most important of this group of metals is calcium, 
the one we have placed first. 





CALCIUM. 
Chemical Symbol: Ca.— Atomic Weight: 40. 


Calcium, with oxygen, silicon, and aluminium, belongs to those 
elements which are most widely distributed in nature. It is never 
found in the metallic state, but usually in combination with oxygen 
as some salt, never as the free oxide. In combination with fluorine 
it forms the important mineral /2uor-spar, and occurs as its chloride 
in many mineral waters and in the sea. > 

The most important oxygen compounds of calcium found in 
nature are the very various forms of its carbonate, its sulphate (as 
gypsum), its phosphate, and its silicate, which is a constituent of 
many rocks. 

Metallic calcium, which is difficult to prepare pure, is only of 
theoretical interest. It may be obtained by heating calcium iodide 
with sodium in a well-closed iron crucible, or by heating a mixture 
of 3 parts of calcium chloride, 4 parts of zinc, and ı part of sodium 
in a Hessian crucible. An alloy of zinc and calcium is thus 
obtained, from which the zinc may be volatilized by strong heating 
in a crucible of gas-carbon, placed inside a larger one of clay, then 
leaving a regulus of metallic calcium behind. The best method of 
all of obtaining pure calcium is by the electrolysis of its fused 


chloride. 
Calcium is a brilliant pale yellow metal, of about the same hard- 
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ıness as lead. Its specific gravity is 16; it ıs malleable, but 
!becomes brittle when hammered. When exposed to moist air, 
<calcium soon becomes covered with a grey coating of oxide and is 
sgradually converted into calcium hydrate. It decomposes water 
{at the ordinary temperature, but the hydrogen does not catch fire. 
"The metal burns brilliantly when heated to redness in the air, or in 
«chlorine. Dilute nitric acid acts violently on it, but the concen- 
itrated acid does not attack it. 

Calcium, like the other metals of the group, is nearly always a 
ıdyad element ; it appears to possess a valency of four in the per- 
ıoxide, and possibly also in bleaching-powder. 


Calcium Oxide, Quich-/ime: CaO.—This oxide can be far 
more easily obtained than the oxide of potassium or sodium. 
It suffices to heat the carbonate strongly in the air in order to expel 
the whole of the carbonic acid, and leave the oxide behind. The 
product so obtained is then more or less pure according to the 
purity of the material used for its preparation. Crystallized calcite, 
especially transparent Iceland-spar, yields oxide chemically pure, 
and white marble nearly so. 

It is remarkable that calcium carbonate is only completely de- 
composed by heating when a second indifferent gas is present. If 
heated in an atmosphere of carbonic acid, decomposition goes on 
until a certain pressure (depending on the temperature) is reached. 
and then ceases. Marble or Iceland-spar when heated in a closed 
crucible is only partially decomposed, because it is always sur- 
rounded with an atmosphere of carbonic acid. Complete decom- 
position can, however, be easily brought about by placing a piece 
of charcoal on the bottom of the crucible. The glowing charcoal 
then converts the carbonic acid into carbonic oxide, into which the 
former gas can diffuse until all the calcium carbonate is decom- 
posed. 

Calcium oxide or quick-lime is a white amorphous mass, usually 
retaining the form ofthe calcium carbonate from which it has been 
prepared. It is infusible, even in the oxy-hydrogen blowpipe, but 
becomes then so strongly heated as to emit a most intense white 
light (lime-light). When exposed to the air, it absorbs water and 
carbonic acid, and crumbles to a fine white powder, which effer- 
vesces with hydrochloric acid. 

If water is poured on to quick-lime, the porous mass first absorbs 
eonsiderable quantities of the liquid like a sponge. After a short 


kB 
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time chemical action sets in, and the calcium oxide unites with 
water to form calcium hydrate :— 

CA + H,O =: Ca(OH).. 
Thereaction isaccompanied with so large an evolution of heat that 
a portion of the water is converted into steam. At the same time 
the piece of quick-lime swells up and is finally converted into a dry, 
white, soft powder of the following compound, calcium hydrate. 


Calcium Hydrate, Slaked-lime: Ca [OH_Tpis hydrate is 


( 
slightly soluble in water, ı part requiring 600 parts of cold water 
to dissolve it. In hot water it is less soluble than in cold, whence 
it follows that acold saturated solution when boiled becomes turbid, 
and calcium hydrate separates in the crystalline form, but redis- 
solves as the solution again cools. The solution has a distinct 
alkalıne reaction. 

Slaked-lime mixed with water forms a turbid solution of the 
hydrate with undissolved suspended particles. Such a mixture is 
called milk of lime. If this is filtered, the suspended particles 
remain behind on the filter, and clear alkaline /rme-waler runs 
through. Lime-water must be preserved in well-stoppered bottles, 
as it absorbs carbonic acid from the air and becomes turbid from 
the insoluble calcıum carbonate so produced. This property of 
lime-water makes it useful for detecting carbonic acid, even when 
mixed with large quantities of other gases—e.g. in coal-gas. 

Calcium hydrate easily loses its water when heated to redness 
—more easilythan calcium carbonate parts with its carbonic acid— 
and is reconverted into calcium oxide. 

Slaked-lime is largely employed for numerous and highly im- 
portant technical purposes. Immense quantities are used for the 
preparation of mortar. For this purpose it has been employed for 
thousands of years, and it may probably be considered as one 
of the first chemical compounds artificially prepared by man. 
It would be interesting to know how and when the knowledge 
was acquired that limestone, when heated to redness, becomes 
changed into a new substance, and that this quick-lime when 
made into a paste with water gradually hardens in the air, or if 
placed between stones, cements them together. But questions of 
this nature must, for the present, remain unanswered, since the 
preparation of mortar from lime was known even in pre-historic 
times. 


” -i 
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Ordinary »zor/ar is prepared by mixing slaked-lime and sand 
ttogether with water to form a paste, which is spread between the 
!bricks or stones to be cemented together. The hardening of the 
ımortar only takes place slowly in the course of years—many years 
iif the walls are thick, and is the more complete the older the walls. 
And not only does the mortar itself gradually become hard, but it 
{also attaches itself firmly to the stones between which it is placed, 
:and it often happens when old buildings are pulled down that the 
:stones themselves break more easily than the mortar which holds 
Ithem together. The same effect may be noticed in some of the 
 calcareous conglomerates or pudding-stones, which often consist 
«of quartz pebbles cemented together with limestone, and which if 
broken by the blow of a hammer usually fracture across the pebbles 

and not at the joints. 

The hardening of mortar is due to the action of the carbonic 
acid of the air, which gradually unites with the calcium hydrate to 
form calcium carbonate, while water is expelled :— 

ca! OH 


aioH + cd, = COOL + Ho. 


The sand which the mortar also contains serves to make the 
mass more porous, so that the carbonice acid can penetrate into the 
interior of the walls; it also causes the mortar to adhere more 
firmly to the bricks or stones. That old buildings—e.g. those of 
the Romans or of the Middle Ages—possess greater solidity than 
our modern structures is not only because a better kind of mortar 
was used, but is a natural consequence of the longer action of the 
carbonic acid. A mortar which has only been exposed to the air 
for a few years, and which still contains unchanged calcium 
hydrate, is of course less hard than one on which the carbonic acid 
has acted for centuries, and in which the whole of the calcium 
hydrate has been converted into calcium carbonate. 

lt is considered unhealthy to live, and especially to sleep in 
the rooms of newly built houses, because the moisture which is 
contained in the walls continually saturates the air of the rooms. 
Ihe water mechanically mixed with the mortar soon evaporates 
from the porous walls, but the walls still remain moist from the 
water which is gradually set free chemically during the union of 
the calcium hydrate with carbonic acid. The hardening of the 
mortar, and consequent drying of the walls, can be accelerated by 
burning coke or charcoal in open grates in the closed rooms. The 
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large quantities of carbonic acid so produced then quickly pene- 
trate into the walls, and the water which is set free is evaporated 
by the heat; and to allow this water vapour to escape, it is 
necessary to open the doors and windows occasionally. In this 
way the walls of new buildings may be dried in as many hours as 
they would otherwise require weeks or even months. 

The manufacture of the large quantities of quick-lime which 
are used for the preparation of mortar is carried on in furnaces 
specially constructed for the purpose—called Zime-kilns. Two 
forms of these kilns are shown in figs. 61 and 62. Both are built 
of firebricks in the form shown. In the one kiln (fig. 61), which 
is but little used, large pieces of limestone are built below in the 





Fig. 61. 


form of an arch, and the whole kiln filled up with the same material, 
leaving free spaces for the hot gases to pass through the entire 
mass. A fire is then made in the arch below, and continued until 
the whole of the limestone has been converted into quick-lime. 
After cooling, the lime is extracted, and the process repeated. 
Fig. 62 represents a much more economical form, as it is con- 
tinuous in its action. Tbe kiln is filled with pieces of limestone, 
and a fire kept up continuously at the side, a. The lime is raked 
out from the bottom of the kiln as it is produced, and fresh lime- 
stone- introduced at the top to supply its place. A form of kiln 
largely used in England is similar in shape to fig. 62, but without 
a side opening for the fire. The kiln is filled with alternate layers 
of limestone and small coal, and the lowest layer of coal ignited. 


Calcium Hydrate. 393 


As the coal gradually burns away, the lime is abstracted from the 
base, and fresh alternate layers of limestone and coal are intro- 
duced from the top. 

Some varieties of limestone contain other compounds than 
calcium carbonate, such as magnesium carbonate, alumina, and 
silica. Ifthese are burnt, a lime is obtained which only becomes 
slightly heated when slaked, and which is unsuitable for the pre- 
paration of ordinary mortar. In the case of an argillaceous 
limestone—z.e. one mixed with clay (aluminium silicate), the lime 
decomposes some of the clay when moistened with water, producing 
compounds of lime and alumina and of lime and silica, which are 
insoluble in water, and which, in contact with water, gradually 
become hard and solid. If such an argillaceous limestone or a 
mixture of limestone and clay is burnt, then powdered and mixed 
with water, it gradually hardens, owing to the formation of these 
insoluble compounds, and becomes harder and harder the longer 
it remains in contact with water. Mortars of this description, 
known as Aydraulic mortars, are therefore especially suited for 
buildings which are always covered with water. 

Hydraulic mortars are prepared from various materials and in 
varying proportions—some hardening slowly and some quickly. 
Therapidity with which the mortar hardens dependsuponthepropor- 
tion of clay present : thus Aoman cement, containing about 30 per 
cent. of clay, hardens in a few hours ; while Portland cement, largely 
made in England by mixing chalk with clay and then carefully 
burning, contains less clay and hardens more slowly. A hydraulic 
mortar may also be prepared by mixing quick-lime with soluble 
silicic acid or with an aluminium silicate which has been acted on 
by hydrochloric acid ; such a silicate is decomposed by the lime in 
the presence of water. 

Calcium hydrate is also used for a large number of other tech- 
nical purposes—for example, for the preparation of ammonia from 

mmonium chloride, for the manufacture of the caustic alkalies and 
of bleaching powder, for the saponification of fats, for the purifica- 
tion of coal-gas, and the manufacture of hard glass, in tanning to 
remove hair from the skins, &c. 






Besides calcium oxide, a second, far less important oxygen 
compound of calcium is known, viz. :— 

Calcium peroxide : CaO, ‚which cannot, like barium peroxide, 
be prepared by heating ealeium oxide in oxygen. It is, however, 
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easily obtained by adding hydrogen peroxide to lime-water, when 
it is precipitated in crystalline plate. When gently heated it 
readily loses one-half of its oxygen. 

Of the other compounds of calcium, the following are of most 
general and chemical importance, 












Calcium Sulphate: SO,-0,Ca.—This slightly soluble salt is 
largely distributed in nature in different forms, and usually accom- 
panies common salt. The anhydrous compound, of the above 
composition, is known as anAıydrite, and occurs either in crystals 
belonging to the rhombic system or more generally in granular or 
fibrous crystalline masses. 

Far commoner than this is the compound of calcium sulphate 
with two molecules of water: SO,-0,Ca+2H,O, which in its most 
general form is called gypswrn. This compound is found in nature 
in very various modifications, but usually as a compact crystalline 
mass, generally of a greyish colour : gypsum proper or common 
gypsum. Colourless, transparent crystals are also often found: they 
erystallize in the monoclinic system, and twins are common. A 
granular, crystalline pure variety of gypsum, highly valued as an 
ornamental stone, is known as alabaster. Finally gypsum is often 
found as fibrous masses : Abrous gypsum ; orin transparent plates, 
which very easily split into thin leaves, as sel/enire. Selenite is 
largely used for optical purposes. Gypsum may be readily pre- 
pared artificially by mixing a solution of calcium chloride with 
sulphuric acid or a sulphate, when it falls as a crystalline preci- 
pitate. 

Crystalline gypsum is so soft that it can be scratched with the 
nail. As mentioned above, it is only slightly soluble in water, either 
hot or cold—one part requires nearly 400 parts of water for solution. 
The solubility is increased by the addition of common salt, so that 
one part of gypsum dissolves in about 120 parts of a saturated 
solution of common salt. 

The two molecules of water which gypsum contains are only 
loosely united to it. It parts with the greater portion when heated 
up to 120°, but the residue is only expelled above 200°. Gypsum 
which has been heated to a temperature not much above 120° 
(Plaster of Paris) acquires the property of again uniting with water 
when mixed with it, and of setting to a hard mass. Plaster of 
Paris, prepared as above, and ground to a fine powder, is largely 
used for various technical purposes. When mixed with water it 
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soon sets hard, and can therefore be employed as a cement, which 
"will not, however, withstand theaction of water. As the hardening 
(with an evolution of heat) sets in soon after the plaster is mixed 
with water, only a small quantity must be prepared at a time ; but 
if a strong solution of common alum is used instead of water the 
setting takes place more slowly, and so allows more time for mani- 
pulation. If a stronger cement is required, the plaster of Paris is 
first mixed with iron filings and then with water. Such a mixture 
is sometimes used to cement the iron parts of a building into the 
walls. 

It is a well-known, but remarkable fact, that if gypsum is 
heated considerably above 120° it loses the property of uniting 
rapidly with water. And in the same manner, the naturally occur- 
ring anhydrous calcium sulphate (anhydrite) cannot unite with 
water to form a hard mass. Both forms combine, however, slow!y 
with water when left in contact with it for a long time, and finally 
produce ordinary gypsum. 

As the mixture of plaster of Paris and water readily adapts 
itself to any surface with which it is brought into contact, it is 
used for producing copies of coins and medals, as well as of busts 
and statuettes (plaster casts). It was also previously used in the 
‘process of stereotyping, in which a cast istaken ofthetype, and from 
this a second cast with fusible metal, which can then be used for 
printing just as the original type. Plaster casts for this purpose 
have now been to a large extent superseded by paper pulp, which 
has the special advantage that it is not so brittle as the dry plaster. 

If plaster of Paris is mixed with a solution of glue or gelatine in- 
stead of with water, it solidifies more slowly, and is hard enough 
to take a good polish. The mixture may be coloured with various 
metallic oxides, and is used to prepare artificial marbles, &c. 

Large quantities of plaster of Paris are used to coat the interior 
walls and ceilings of our rooms, and it is also employed in medicine 
and agriculture. The surgeon uses it forthe preparation of plaster 
bandages, which preserve a joint surrounded with them from move- 
ment ; and the agriculturist employes it to impart ammonia from 
the air to plants sprinkled with it. Plaster of Paris has the power 
of absorbing ammonia, and attracts this substance when exposed to 
the air, yielding it again slowly to the plants with which it is in 
contact. Naturally occurring gypsum and anhydrite do not possess 
this property. 


r 
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Calcium Nitrate: Sl O,Ca+4H,O, may be easily obtained 
by neutralizing nitric acid with calcium carbonate, and crystallizes 
from its aqueous solution when evaporated down to a syrup. It is 
easily soluble both in water and alcohol. The salt, when freed 
from its water of crystallization by heating, forms a porous white 
deliquescent mass. Calcium nitrate is produced when lime—e.g. 
that contained in the mortar of walls—is exposed to the vapours 
of ammonia, which, in the presence of the strong base, is then 
oxidized to nitric acid by the oxygen of the air. 

In buildings where considerable quantities of ammonia are pro- 
duced—e.g. in stables and cow-stalls—the quantity ofcalcium nitrate 
accumulating in the walls may often be sufficient to crystallize out 
in dry weather, and its deliquescent nature is one reason why the 
walls of such buildings are usually moist. Even the human body 
emits small quantities of ammonia, which is also absorbed in the 
walls and converted into calcium nitrate. For this reason the 
rubbish of old walls when extracted with water often yields con- 
siderable quantities of calcium nitrate. 


Calcium Phosphate: Ca,P,O,, or P9 | 04Ca,.— This salt is 
widely distributed in nature, and is sometimes found in consider- 
able quantities ; and since its immense importance in agriculture 
has been recognized, new localities of its occurrence have been 
and probably will be discovered. 

To the minerals which consist essentially of calcium phosphate 
belong Phosphorite, found in compact masses in some parts of 
Spain, Germany, and other places, and sombdrerite, imported in 
large quantities from some of the islands of the Antilles, particu- 
larly Sombrero. In combination with calcium fluoride and chloride, 
it forms the mineral apatite: 3(PO),O,Ca, + Ca(F,Cl),, which is 
found either crystalline or in a massive form. Finally calcium 
phosphate is the chief mineral constituent of bones, which when 
burnt leave a residue of calcium phosphate and carbonate, done- 
ash. The excrements of many animals, especially of those which 
are carnivorous—coprolites (petrified droppings), urine, guano, &c. 
—are all more or less rich in calcium phosphate, and are therefore 


valuable manures. 
The calcium phosphate which we require for the growth of our 
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bodies, principally for the formation of bone, we derive directly and 
indirectly from plants, and these again, to whom it is just as neces- 
sary, absorb it by their roots from the soil. Calcium phosphate is 
as necessary as carbonic acid for the growth of most plants, par- 
ticularly cereals. A grain of wheat, barley, or rye, planted in a 
soil absolutely free from phosphates, will, it is true, germinate and 
grow to a certain stage, but will produce no fruit. And if we sow 
cereals year after yearonthe same plot of ground, and so gradually 
make it poorer and poorer in calcium phosphate without returning 
any to the soil, the crops become less and less, and finally the 
ground is unfruitful. 

For centuries it has been known to ıhe farmer that he can pre- 
serve the fertility of his land by the addition of animal excrements, 
without suspecting what was the action of these substances. But 
Liebig, the founder of scientific agriculture, showed that this 
manure again gives to the land the mineral constituents (amongst 
other things) which have been abstracted from it by the harvest, 
and that the productiveness of the soil can be still further increased 
by the addition of those mineral substances which the plants re- 
quire for vigorous growth. 

The scientific agriculturist is, therefore, no longer satisfied 
with farmyard manure (which is indeed often insufficient in 
quantity), but adds to his land artificial manures, prepared in 
chemical factories from suitable materials. To these substances 
belongs calcium phosphate, and this compound, in the form of 
bone-meal, or of minerals containing it, has been successfully 
added to soils originally poor in calcium phosphate or from which 
this substance has been gradually abstracted by continuous har- 
vests. Calcium phosphate is, however, insoluble in water, and is 
only slowly dissolved by water containing carbonic acid, hence it 
can be only slowly absorbed by the roots of the plants. A soluble 
calcium phosphate acts more quickly ; and the farmer requires the 
phosphate in this form if he is to materially increase the fertility of 
his land. The chemical process by which this change is effected 
is a verysimple one. Phosphorite, bone-ash, or some other min- 
eral containing calcium phosphate is powdered and treated with 
about a half or two-thirds of its weight of sulphuric acid. A por- 
tion of the calcium is tnen converted into calcium sulphate, setting 
free some phosphoric acid which forms a soluble acid salt with the 
undecomposed calcium phosphate :— 
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ER O,Ca, + SO,(OH), = 250,.0,C4 4 a 
The mixture of calcium sulphate and acid calcium phosphate is 
not separated, but is brought in this form as a manure into trade, 
and is called swperphosphate. The acid calcium phosphate is 
soluble in water, and when mixed with the soil is at once absorbed 
by the roots of the plants. 
Chemically pure normal calcium phosphate can be obtained by 
. mixing a solution of calcium chloride with one of normal sodium 
phosphate, or with the common acid phosphate if a little ammonia 
is afterwards added. The gelatinous precipitate dries to a white 
earthy powder. It is insoluble in water, but soluble in hydrochloric 
acıd, from which solution it is again precipitated unchanged by 
ammonia. 


Monacid Calcium Phosphate: HCaPO,, or PoloH „Ca; preci- 


pitated as a gelatinous mass, often becoming crystalline on stand- 
ing, when a solution of calcium chloride is mixed with one of 
monacid sodium phosphate and acetic acid :— 


KON) R 


Po: ach ve Bol + 2Nacl. 


(OH 


Like the normal salt, it is insoluble in water. 


Diacid Calcium Phosphate: H,CaP;O,, or En may be 


obtained from the normal or monacid salt by the addition of phos- 
phoric or hydrochloric acid, and evaporating down. It then 
crystallizes out in colourless tablets, which, with a small quantity of 
water, give a crystalline precipitate of the monacid phosphate, but 
which dissolve in a larger quantity of the solvent. It is the chief 
constituent of the manure called sxerphosphate of limme, or simply 
superphosphate. 





Calcium Carbonate: CO-0,Ca.— This compound is very 
widely distributed on the surface of the earth, and in very different 
forms. It is prepared artificially by precipitating a solution of a 
calcium salt with sodium carbonate, and then forms a white 
amorphous powder, which soon becomes crystalline. It is in- 
soluble in pure water, even when hot, but dissolves in water con- 
taining carbonic acid with the formation of an acid carbonate. 
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(Calcium carbonate easily dissolves in dilute hydrochloric, nitrie, 
cor acetic acid, with evolution of carbonic acid; and when heated 
tto redness loses its carbonic acid, and is transformed into calcium 
coxide. 

Calcium carbonate is dimorphous : as calcite it crystallizes in 
tthe hexagonal system, usually in rhombohedra, while as arragonite 
iit belongs- to the rhombic system. Both forms may be produced 
:artificially. If calcium carbonate is precipitated from a solution 
:at the ordinary temperature, the precipitate is at first amorphous, 
!but soon becomes crystalline, and then consists of minute rhom- 
!bohedra like calcite ; the same crystals are also formed when the 
ı clear solution of calcium carbonate in carbonic acid is allowed to 
evaporate slowly. But if the calcium carbonate is precipitated 
‘from a boiling-hot solution instead of from a cold one, the crys- 
“talline precipitate then consists of small rhombie prisms, resembling 
those of arragonite. The calcium carbonate deposited from hot 
springs (e.g. Carlsbad) usually has this form. 

The numerous forms in which calcium carbonate occurs in 
nature are designated by different mineralogical names. 

Calcite or calc-spar is nearly pure calcium carbonate crystallized 
inrhombohedra or in some other hemihedral form belonging to the 
hexagonal system. A variety of calcite, which is distinguished by 
its purity and transparency, and which is largely used in optical 
instruments to produce double refraction, is called /ce/and-spar. 

Arragonite is the second form in which calcium carbonate 
erystallizes. It is usually found in rhombic prisms, and is consider- 
ably rarer than calcite. 

Marble is a granular, crystalline, compact form, produced 
from limestone by the action of underground heat and pressure. 
White marble often looks like loaf-sugar, and consists of small 
cerystals of calcite. Marble is found in various colours from white 
to black. 

Compact üimestone, of various colours according to the impurities 
which it contains, forms large mountain masses. It has nearly all 
been produced by the agency of marine animals, whose remains are 
often found petritied in it. Oolitic limestone, freestone, consists of 
numerous small globular masses of calcium carbonate cemented 
together, and is so called because it resembles the roe of a fish. 
Lithographic stone is a compact, fine-grained form of limestone, 
found near Solenhofen, in Bavaria, and largely used in the processes 
of lithography. 
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Chalk is a soft, eartby variety of calcium carbonate, and from 
its white colour is apparently very pure. It consists chiefly of the 
minute cases of various species of foraminifera, and has been formed 
in deep seas. That it still contains organic traces of these animals 
is redily proved by dissolving it in dilute hydrochloric acid. The 

carbonic acid evolved possesses an unpleasant odour, and a brown 
organic residue remains behind. 

Ealcareous tufa or travertine is a porous form of calcium car- 
bonate, produced by the gradtra} evaporation of a carbonic acid 
solution of the carbonate. Of a similar origin are the stalagtites 
found hanging from the roofs of limestone caves, and other similar 
deposits. 

Finally, calcium carbonate is a constituent of many products of 
animal life—e.g. of egg-shells, and of the shells of oysters, and 
other mollusca. On some parts of the coast, where lime is scarce, 
oyster-shells are burnt to obtain quick-lime. 


The technical applications of calcium carbonate are exceedingly 
numerous and important. Marble is a valuable material for the 
builder and sculptor. Chalk is used for writing, and, when finely 
powdered, as a pigment. Compact limestones are employed for 
the manufacture of glass, and as a flux to produce a fusible slag in 
the extraction of many metals from their ores. And, finally, im- 
mense quantities of limestone are used for the manufacture of 
quick-lime and then of mortar. 





Bleaching Powder. (Chloride of Lime.)— The chief compound 
contained in this important substance has (p. 117)the composition : 


Ca(OCl)Cl or Eu but the pure compound corresponding to | 


this composition has not yet been prepared. Bleaching powder 
is a soft, white, amorphous powder, with a faint odour of hypo- 
chlorous acid, soluble in water with decomposition into calcium 
chloride and calcium hypochlorite and easily decomposed by all 
acids. 

Bleaching powder is manufactured on a large scale by saturat- 
ing dry slaked-lime with chlorine. The gas is generated in leaden 
retorts and led into chambers containing shelves on which the 
slaked-lime is placed in thin layers. As soon as the lime ceases 
to absorb the gas, the process is finished ; the chambers are then 
opened and the bleaching powder preserved in well-closed vessels. 
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A solution of bleaching powder in water does not itself bleach, 
or only very slowly as it is decomposed by the carbonic acid of the 
air. If, however, a dilute acid is added, the bleaching-powder ıs 
decomposed, yielding hypochlorous acid, and then free chlorine. 
The articles to be bleached are first thoroughly cleansed, dipped 
into adilute solution of bleaching powder, and then into a very dilute 
solution of hydrochloric acid, which, with the bleaching powder 
they contain, liberates free chlorine (p. 117). Thorough washing is 
necessary afterwards, as any’small traces of chlorine which remain 
behind gradually rot thestuff. But asit is impossible to completely 
remove the last traces of chlorine, it is customary to dip the articles 
in a solution of some substance which acts chemically upon it— 
called an antichlor. Such a substance is sodium thiosulphate 
(P- 370). 

The formula given above for bleaching powder and the assump- 
tion that it is decomposed by water are supported by many facts. 
The action of this substanee or bodies which easily take up chlorine 
and oxygen is quite different in the absence and in the presence 
of water. Absolute alcohol and dry bleaching powder react ener- 
getically upon one another and produce first ethyl hypochlorite, 
and then acetie ether, but if aqueous alcohol is used, the chief 
product is chloroform. 

We have already seen (p. 117) tlıat a solution af bleaching 
powder yields calcium chloride and chlorate when boiled. 


Calcium Silicate: Siß-O,Ca.— The normal salt of this com- 
position is produced as a gelatinous precipitate, drying to a white 
amorphous powder, when calcium chloride in solution is added to 
a solution of sodium silicate. This compound is found in nature 
as the mineral wol/lastonite, and united with other silicates as 
double salts. To these belong many of the zeolites, lime-garnet, 
datolite, &c. Similar double silicates, but not crystalline, are the 
chief varieties of 


GLASS. 


This important substance is essentially a double silicate of potash 
or soda and lime, in which the lime is sometimes displaced by lead 
oxide. It is distinguished by its transparency, hardness, fusibility 
and resistance to many solvents which attack other substances, 
even the metals, and is therefore indispensable to the chemist. 


DD 
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Glass is manufactured by fusing together a mixture of calcium 
carbonate, potassium (or sodium) carbonate and silica at a high 
temperature, in specially constructed furnaces and crucibles. At 
a bright-red heat the silica expels’ the carbonic acid from the 
carbonates, producing a double silicate of calcium and potassium 
or sodium, which on continued heating forms a homogeneous liquid, 
and on cooling solidifies to a transparent glass without a trace of 
cerystalline structure. The purer the materials employed, the purer 
and less coloured is the glass obtained. In order to give the 
required shape to the glass it is partly cast and partly blown. 
Large slabs of thick glass (plate-glass) are obtained by pouring 
the liquid substance on to horizontal slabs of iron, and the com- 
moner kinds of glass vessels (bottles, tumblers, &c.), especially the 
thicker ones, are cast in moulds, just as liquid iron is cast. The 
majority of glass vessels are, however, made of what is called 
blown glass. The workman takes a mass of semi-fluid glass on 
the end of an iron tube, and by blowing, combined with various 
movements which cannot be well described, gives to it almost any 
desired shape. Most of the various shaped vessels used in daily 
life, and in the laboratory—wine-glasses, bottles, funnels, flasks, 
&c.—are made in this way. 

Glass is a brittle substance, and if of considerable thickness, or 
rapidly cooled, easily breaks when subjected to rapid changes in 
temperature. In order to allow the molecules of the glass to arrange 
themselves regularly, that the tension on cooling may be the same 
throughout the entire thickness, it must be arnealed, or allowed to 
cool slowly. For this purpose, the glass vessels, after they have 
been made, are brought into the annealing furnaces, where the glass 
is heated nearly to the temperature at which it becomes soft, and 
then allowed to cool very slowly during several days or even 
weeks. The influence which rapid cooling has on the properties 
of the glass is well seen in what are called Rupert’s drops, which 
are made by dropping liquid glass into cold water. Owingttothe 
rapid cooling, they are hard, and stand pressure or even a blow. 
But if slightly scratched, or if a small piece is broken off the thin 
end, the whole drop breaks up into small pieces of glass. 

A few years ago a variety of quickly annealed glass was intro- 
duced into trade, and highly recommended for various purposes. 
This Zoughened glass, as it is called, is harder than common glass, 
and bears rapid changes of temperature better. It is prepared by 
dipping the freshly blown hot glass into a bath of hot oil or paraffın, 
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a process which resembles that by which Rupert’s drops are formed, 
except that the cooling is less sudden. Vessels prepared in this 
way may be dropped from a considerable height on to the floor 
without breaking, and a glass dish filled with cold water may be 
placed on glowing charcoal, but, like Rupert’s drops, they will not 
stand the slightest scratch. A sharp grain of sand is often 
sufficient.to cause their violent fracture into a number of small 
pieces, and it sometimes happens that vessels of toughened glass, 
which have been used for years, and have withstood considerable 
changes of temperature without damage, suddenly break up into a 
thousand pieces. Toughened glass vessels, from which so much 
was expected at the time of their introduction, should therefore 
never be used, especially for chemical apparatus. 

Various kinds of glass are distinguished from one another 
according to their constituents, and according to the purity of the 
substances employed in their manufacture. Potash, or hard-glass, 
is a double silicate of calcium and potassium, and is largely manu- 
factured in Bohemia. It is lessacted on by chemical reagents than 
any other kind of glass, and when the proportion of silica is high, 
is difficultly fusible. The glass tubes used for combustions in 
organic analysis are made from this difficultly fusible glass. 
Crown, or soda-glass, contains soda instead of potash, and is the 
common window-glass. It is more easily fusible than potash-glass, 
and more readily attacked by acids. Doftle-glass is a coarse form 
of crown-glass, made with impure materials, and more or less 
coloured by the presence of iron. It also contains not inconsider- 
able quantities of aluminium silicate. Zlint-glass is a double 
silicate of lead and potassium—2.e. it is potash-glass in which the 
caicium has been displaced by lead. It is prepared by fusing 
together silica, potassium carbonate, and lead oxide (litharge), and 
is distinguished by its lustre and high index of refraction. Flint- 
glass is the most easily fusible of all glasses, and the most easily 
attacked by acids ; large quantities of it are manufactured in 
England and France. Flint-glass is especially valuable for optical 
purposes, owing to its high index of refraction. The refractive 
power ofthe glass can be increased by using a larger proportion 
of lead oxide ; such glass, called s/rass, is used for the manufacture 
of artificial gems. 

Finally, the various slags obtained in metallurgical operations 
are also a species of glass. In smelting some of the heavy metals, 
especially iron, calcium carbonate is often added as a flux to form 
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a fusible slag, which removes the earthy impurities, swims on the 
surface of the heavier metal, and so protects it from the oxygen of 
the air. The slags consist of the silicates of the alkalies, of lime, 
alumina, magnesia, iron, &c., and when cold yield a strongly 
coloured, often opaque, vitreous mass. 

Glasses of various colours are produced by the addition of 
different metallic oxides to the liquid glass. The silica of the glass 
unites, like borax, with these oxides, forming coloured silicates. 
Blue glass is produced by the addition of small quantities of 
cobalt ; green by uranium or chromium ; olive-green by ferrous 
oxide ; yellow or brown by ferric oxide ; amethyst by manganous 
oxide ; red by cuprous oxide, or a trace of gold, &c. Coloured 
glass often consists of colourless glass with ıhe coloured glass on 
one side only. Such glass is said to be asked. White, opaque, 
or milk-glass, is made by adding some white infusible powder, such 
as bone-ash, or cryolite, to the molten glass. 


Calcium Oxalate : SO ö.CaH H,O, is contained in many 


plants, especially in the sorrels, and is obtained by precipitating a 
solution of calcium chloride with ammonium oxalate. The preci- 
pitate is crystalline, and loses its water of crystallization at 100°. 
The salt is insoluble both in water and in dilute acetic acid, and 
serves, therefore, for the estimation of calcium and of oxalic acid. 


Calcium Chloride: CaC],— This salt, which is distinguished 
by the energy with which it attracts water, and which is, therefore, 
largely used for drying purposes in chemistry, isobtained asa bye- 
product in many operations-—e.g. in the preparation of ammonia 
from ammonium chloride and quick-lime (p. 184), and of carbonic 
acid from calcium carbonate and hydrochloric acid. The acid 
liquid resulting from the latter process when evaporated down to a 
small bulk deposits large rhombic crystals of the composition : 
CaCl,+6H,0. These crystals deliquesce in the air and dissolve 
readily in water with a considerable fall in temperature; and 
when mixed with snow or powdered ice the temperature may fall 
as low as —45°. If this crystalline compound is heated, it melts 
in its water of crystallization and loses 4 molecules of water, leaving 
a white porous mass, which readily absorbs water again. At 
a red heat the salt loses all its water and fuses to a clear liquid. 
This fused mass is poured on to a clean iron plate, broken into 
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pieces when cold, and so brought into trade. Fused calcium 
chloride dissolves in water with evolution of heat ; it is also solu- 
ble in alcohol. It energetically absorbs dry ammonia gas, pro- 
ducing a compound : CaCl, +8NH,, which is decomposed into its 
components either when heated or when brought into contact with 
water. Calcium chloride cannot, therefore, be used to dry gaseous 
ammonia. 


Calcium Fluoride: CaF,,isthe mineral AZuor-spar. It crystal- 
lizes in the regular system, but is also found in compact masses. 
When finely powdered it is used for the preparation of hydrofluoric 
acid, and as a flux to produce a fusible slag—hence its name (from 
Auo, 1 flow). Calcium fluoride is quite insoluble in water, and is 
therefore precipitated when a solution of a calcium salt is mixed 
with one of a soluble fluoride. 


Calcium Sulphide : CaS, is obtained asa yellowish-white earthy 
mass by glowing quick-lime in a stream of sulphuretted hydrogen, 
or, less pure, by igniting a mixture of powdered calcium sulphate 
and charcoal, when calcium sulphide and carbonic oxide are 

rmed. The compound so produced is insoluble in water, but 
gradually decomposes in contact with this liquid into calcium 
hydrate and sulphydrate :—- 


2CaS + 2H,0O = Ca(OH), + Ca(SH), 


Calcium sulphide, like the other sulphides of the alkaline earths, 
Shines in the dark after it has been exposed to a bright light—in 
other words, it phosphoresces. It is the chief constituent of Bal- 
main’s luminous paint, in which form it is used to render match- 
boxes, buoys, and other objects luminous in the dark. 


Calcium Sulphydrate: Ca(SH).,, is easily obtained in solution 
by saturating milk oflime with sulphuretted hydrogen. It possesses 
the property of softening hair and changing it into a gelatinous 
mass. Mixed with other substances, it is used by some Oriental 
nations as a depilatory. 


Calcium Pentasulphide: CaS,.—A mixture of this salt and 


_ calcium thiosulphate may be prepared by boiling milk of lime with 


an excess of flowers of sulphur, and filtering off the reddish-coloured 
liquid. Like potassium pentasulphide, hydrochloric acid decom- 
poses it with a copious precipitate of milk of sulphur (p. 145). 
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Detection of Calcium Compounds. 


Calcium compounds when introduced into a non-luminous gas- 
flame give a reddish colour, somewhat yellower than that produced 
by the compounds of strontium. The spectra of thetwo flamesare, 
however, so different, that they may be very easily distinguished 
from one another. If the compound is an insoluble.one, it must 
be first moistened with hydrochloric acid before it is introduced 
into the flame. 

Calcium salts closely resemble those of strontium and barıum. 
The sulphates are all difficultly soluble in water, that of calcium 
being the most soluble. The carbonates are all equally insoluble 
in water, whence it follows that they are all precipitated together by 
sodium or ammonium carbonate. The oxalates are also all insoluble 
in water, but that of calcium is distmguished from the other two 
by its insolubility in acetic acid. Of the anhydrous nitrates only 
that of calcium is soluble in absolute alcohol, a fact which is utilized 
to separate calcium from strontium and barium. 


STRONTIUM. 


Chemical Symbol: Sr.—Atomie Weight : 87'5. 


The compounds of this element closely resemble those of 
calcium and barium, especially the latter, and strontium with its 
compounds forms a natural transition from calcium to barium. 

The most important minerals containing strontium are celestine 
or strontium sulphate, and s/rontianite, strontium carbonate. The 
latter mineral is called from Strontian in Scotland, where it was 
first found in quantity, hence the name given to the element. 

Recently, large deposits of strontianite have been found in 
Westphalia, and this mineral is now almost exclusively used for 

he preparation of strontium compounds. 

The metal may be obtained by the electrolysis of the fused 
chloride. Its specific gravity is 2'5, it is harder than lead, and is 
malleable. Strontium, like calcium, is a yellow metal and melts at 


a red heat. 


Strontium Oxide: SrO, cannot be prepared, like calciun 
oxide, hy glowing the carbonate, as this compound is only slowly 
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and incompletely decomposed by heat. It is obtained, like barium 
oxide, by heating its nitrate to redness, and forms a grey, porous 
mass. 

This oxide unites with water and produces the hydrate: 
Sr(OH),, which crystallizes from water as the compound Sr(OH), + 
8H,O. Strontium hydrate is more soluble in water than the 
calcium compound, but less than that of barium ; ı part dissolves in 
about 60 parts of cold water. The solution is strongly alkaline. 


Strontium Peroxide : SrO, is: obtained, like the calcium com- 
pound, by precipitating a solution of strontium hydrate with 
hydrogen peroxide. Strontium oxide does not unite directly with 
oxygen. 


Strontium Sulphate : SO,-O,Sr, is found in nature, as the 
mineral ce/esiine, in transparent, rhombic prisms, often of consider- 
able beauty. The salt may be obtained as a white powder by 
precipitating a solution of a strontium salt with sulphuric acid or 
a soluble sulphate. It is slightly soluble in water, but less so than 
calcium sulphate ; ı part of the salt requires about 6,000 parts of 
water for solution. 

NO,) EEE n ; 

Strontium Nitrate:: No Ö,Sr, is distinguished from calcium 
nitrate by its insolubility in alcohol, and in other respects resembles 
the barium salt. It is easily obtained by dissolving strontianite in 
dilute nitric acid and evaporating down. As strontium compounds 
impart a red colour to flames into which they are introduced, its 
nitrate is used instead of potassium nitrate to produce an inflam- 
mable powder which burns with a red light. 


Strontium Carbonate: CO-O,Sr,is obtained artificially like the 
calcium compound, which it closelyresembles. It occursin nature 
as the mineral s/rontianzte, either in rhombic prisms or in indistinct 
erystalline masses. 


Strontium Chloride : SrCl,+6H,O, crystallizes in needles, is 
easily soluble in water and slightly deliquesces in the air. Like 
calcium chloride, it is soluble in strong alcohol. 


Sirontium Sulphide : SrS,is obtained from celestine by heating 
a mixture of the powdered mineral with charcoal, and forms the 
starting-point in the preparation of strontium compounds from this 
source. Like calcium sulphide, it is Juminous in the dark. 


408 Text-Book of Inorganic Chemistry. 


Detection of Strontium Compounds. 


Strontium compounds impart an intense crimson colour to the 
non-luminous flame, which can at once be distinguished from the 
lithium or calcium flame by the spectroscope. The spectrum of 
strontium is especially characterized by a fine line in the bright 
blue. j 

Strontium salts are distinguished from those of calcium by the 
fact that calcium sulphate produces a precipitate of strontium 
sulphate on standing. They give no precipitate with potassium 
chromate, especially if the solution contains free acetic acid, 
although the chromate is less soluble than the calcium salt. 

Strontium nitrate is insoluble in strong alcohol and thus differs 
from calcium nitrate. This property affords a reaay means of 
quantitatively separating the two salts. 


BARIUM. 
Chemical Symbol: Ba.—Atomic Weight: 137. 


This element, which derives its name from the high specific 
gravity of its compounds (ßBapus=heavy), is found in nature like 
strontium chiefly as the sulphate, darzte or heavy spar, and as the 
carbonate, wzfherite. The former compound is the source from 
which nearly all barium compounds are prepared. 

Metallic barium is exceedingly difficult to prepare. It is said 
to have been obtained by electrolysis of the fused chloride, and is 
described as a yellow metal, melting at a bright red heat and de- 
composing water at the ordinary temperature. 

Barium, like calcium and strontium, is a dyad element in nearly 
all its compounds; in the peroxide : BaO,, it is a tetrad, 


Barium Oxide (Baryta) : BaO, cannot be prepared by heating 
the carbonate, asthe carbonic acid is more firmly united even than 
in strontium carbonate, and is only very slightly expelled even at 
the highest temperatures. Barium oxide is best prepared by heat- 
ing barium nitrate. A Hessian crucible is about half filled with 
the salt and heated first gently to expel most of the nitric peroxide, 
and then, when the frothing has subsided, to bright redness. 
The oxide which remains behind is a grey porous mass, which has 





Barum. 409 









apparently been fused, but is really infusible at this temperature. 
Occasionally it has a greenish colour, due to manganese derived 
from the crucible which has been converted into barium manga- 
ate.e When mixed with water, it evolves a considerable amount 
f heat and is converted into barium hydrate. When gently 
!heated in the air or oxygen, it absorbs considerable quantities of 
coxygen and is changed into barium peroxide. 


Barium Hydrate: Ba(ÖH),-— The preparation of barium 
Ihydrate from barium oxide is tedious and unsuitable if large 
equantities are required. It is better to employ the sulphide, 
wwhich is easily obtained from the sulphate by heating with 
jpowdered charcoal. For this purpose a solution of the sulphide 
lin water is boiled with copper oxide until a portion of the liquid 
ıno longer blackens a solution of lead acetate. The clear solution 
is then filtered off from the insoluble copper sulphide. The 
reaction is expressed in the following equation :— 

BaS + CuO + H,O = Ba(OH), + CuS. 
From the hot solution so obtained, crystals of the compound : 
‚Ba(OH),+8H,O separate out on cooling in tablets or prisms. 
Barium hydrate may also be prepared from the sulphide by first 
‘converting this salt into the carbonate by moist carbonic acid 
sulphuretted hydrogen being set free—and then acting on the car- 
bonate with superheated steam—.e. steam at high pressure. The 
carbonic acid then passes away with the steam, and barium hydrate 
remains behind. The crystalline compound parts with its water 
of crystallization when heated, but, unlike calcium hydrate, cannot 
be converted into the oxide by heat. 

Barium hydrate dissolves in about 20 parts of cold water, but 
requires less than ı part of hot water for solution. It is thus much 
more easily soluble than calcium or strontium hydrate. The solu- 
tion (baryta-water) is strongly alkaline and precipitates the weaker 
bases from their solutions like caustic potash. When exposed to 
the carbonic acid of the air it becomes turbid more rapidly than 
lime-water. Baryta is a weaker base than potash or soda, and is 
therefore precipitated by these alkalies, not by ammonia, from 
concentrated solutions of its salts. 

Barium oxide possesses the remarkable property of forming an 
insoluble compound with cane-sugar ; and on this account large 
quantities are used by sugar refiners. Strontium oxide also pos- 
Sesses this property. 


£ 
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Barium Peroxide : BaO,.—Barium oxide, when heated to Jain 
redness in a stream of air or oxygen, increases in weight owin 
to absorption of oxygen, and becomes gradually converted int 
barium peroxide, which cannot be distinguished by its externa 
properties from the oxide itself. At a slightly higher temperatur. 
than that required for its production, but still far below bright red 
ness, it again parts with an atom of oxygen, and is reconverted 
into the oxide, which can again unite with oxygen, and so on. 
Experiments made on a large scale to ascertain whether in this 
way large quantities of pure oxygen might not be obtained from 
the air have not been altogether successful. It appears that the 
oftener the oxide is converted into peroxide, the less becomes 
the energy with which it unites with oxygen, until it finally loses 
this property altogether. The cause of this is possibly because 
the oxide gradually becomes more compact, and so exposes less 
surface to the action of the gas. Recently it has been discovered 
that barium peroxide parts with its oxygen at thesame temperature 
at which it is produced if the pressure is reduced. Or, in other 
words, to obtain a supply of pure oxygen, the barium oxide is 
kept at a constant temperature, and the pressure only varied. 
Possibly some use may be made of this interesting fact. 

Barium peroxide prepared as above described is never pure, 
but always .contains more or less barium oxide. It: may be 
purified in the following way. It has already been stated (p. 90) 
that barium peroxide is distinguished from manganese and other 
peroxides by the fact that it gives hydrogen peroxide, not chlorine, 
when treated with hydrochloric acid, and its purification depends 
upon this reaction. ‘The impure barium peroxide, obtained by 
heating barium oxide in a stream of air, is finely powdered and 
rubbed up with water in a mortar, with which it unites chemically. 
The mixture is next gradually added to dilute hydrochloric acid, 
until the liquid only reacts faintly acid, and the clear solution, con- 
taining barium chloride and hydrogen peroxide besides the excess 
of acid, filtered off. On adding an excess of baryta-water to this“ 
liquid, the pure hydrated peroxide separates out in lustrous tablets” 
of the composition: BaO,+8H,0. These crystals when w ashed, 
and dried between filter paper and over sulphuric acid, gradually 
lose all their water and leave pure barium peroxide behind. The 
pure compound remains unchanged in the air, gives up one-half of 
its oxygen when heated, and unites with water to form ehr drated 
compound. 
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Barium Sulphate: SO,-O,Ba.—This salt, the most impor- 
ant naturally occurring compound of barium, is usually found 
compact masses, and sometimes in tabular crystals belonging 
co the rhombic system. It has a specific gravity of 4'4, and is 
own as darite or heavy-spar. lt may be readily prepared arti- 
cially, as a heavy, white precipitate, by adding sulphuric acid or 
ı sulphate, to a soluble barium salt. Barium sulphate is quite 
tnsoluble both in water and dilute acids, and is therefore used to 
arecipitate barium or sulphuric acid from a liquid. Concentrated 
sulphuric acid dissolves it to some extent, but on dilution with 
water it is again precipitated, like lead sulphate. Precipitated 
arium sulphate is used as a white pigment under the name of 
ermanent white, it is also largely used to adulterate white-lead, 
(for which purpose its high specific gravity, combined with its 
cheapness, makes it admirably adapted. 


Barium Nitrate: N O,Ba, is prepared by dissolving with- 
rite or barium sulphide in nitric acid, and is deposited from the 
ot solution in brilliant, heavy octahedra, without water of crystal- 
lization. The salt is tolerably easily soluble in water, especially 
hen hot, but less soluble in the presence of free acid; hence, on 
adding nitric acid to an aqueous solution, a precipitate is produced. 
IIt is insoluble in alcohol. Barium nitrate is poisonous, like nearly 
all the barium salts. 


Barium Carbonate:: CO-O,Ba, occurs in nature asthe mineral 
twitherite, and is thrown down as a white precipitate on adding 
:sodium carbonate to a solution of a barium salt. It is insoluble in 
‚water, but slightly soluble in the presence of carbonic acid ; and, 
ınotwithstanding its insolubility, is poisonous. 


Barium Chloride : BaCl,+2H,O.— This compound is one of 
‚the least soluble of the barium salts. It is prepared in a similar 
| manner to the nitrate, and crystallizes in rhombic plates. At 100° 
it loses its water of crystallization and meltsat a redheat. Alcohol 
does not dissolve it—a reaction which is employed to separate 
_ barium from calcium and strontium. Its aqueous solution is largely 

used in analytical chemistry as a test for various acids. 


A 
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Barium Sulphide: BaS; and Barium Sulphydrate : Ba(SH),, 
Barium sulphide is obtained as a white amorphous mass when 
barium oxide is heated in a stream of sulphuretted hydrogen, or, 
less pure, by reducing the sulphate with charcoal. An intimate 
mixture of finely powdered heavy-spar and charcoal is mixed with 
starch paste and formed into balls. These are then dried in the air, 
placed between alternate layers of charcoal in a furnace, the bottom 
layer of which is ignited. When cold, they are extracted and 
digested with water. The solution, especially if prepared hot, does 
not contain barium sulphate, but a mixture of barium sulphydrate 
and hydrate, which crystallize together :— 


2BaS + 2H,O = Ba(SH), + Ba(OH), 


If sulphuretted hydrogen is led into this solution, the hydrate is 
converted into sulphydrate, and this salt alone crystallizes out o 
evaporation. As heavy-spar is a much commoner mineral than 
witherite, barium sulphide is the compound from which nearly all 
other barium salts are manufactured. 


Detection of Barium Compounds. 


Compounds of barium when introduced into a Bunsen flame 
produce a yellowish-green colour, the spectrum of which is more 
complicated than that of either calcium or strontium, and is dis 
tinguished by several lines in the green. 

In their chemical characters the barium compounds closely 
resemble those of calcium and strontium, but it is still easy to dis 
tinguish them from one another. Barium sulphate is so insoluble” 
in water, that on adding a solution of calcium sulphate to one of a 
barium salt an zwmmediate turbidity is produced. In the same 
manner calcium and strontium chromates are much more soluble” 
than barium chromate, and potassium chromate added to a dilute 
solution of barium chloride produces a pale yellow precipitate of 
barium chromate, but no precipitate is produced with calcium (or 
strontium) chloride. Barium can be separated from calcium or 
strontium by digesting the perfectly dry chlorides with absolute 
alcohol. Calcium and strontium chlorides then dissolve while 
barium chloride remains undissolved. 


Magnesium. 413 


MAGNESIUM. 
Chemical Symbol: Mg.—Atomic Weight: 24. 









The compounds of magnesium are not less widely distributed 
Hhan those of calcium, but are not found in such large quantities. 
mong the more important minerals containing magnesium are: 
agnesite (magnesium carbonate: CO-O,Mg), dolomite (mag- 
aesium-calcium carbonate : CO-O,Mg + CO-0,Ca), Zalc, steatite or 
soap-stone, serpentine, and meerschaum (all essentially magnesium 
silicate). Other silicates which are rich in magnesium are : awgite, 
ornblende, asbestos, olivine, and biotite or magnesium mica. Mag- 
esium also occurs in combination with sulphuric acid as Epsom 
ssalt in many mineral waters and in the sea. 

Magnesium is a malieable silver-white metal of specific gravity 

:=1'75. It melts at a low red-heat, and at a higher temperature 
ccan be distilled. It remains almost unchanged when exposed to 
tthe air, and only becomes covered with a thin, grey coating of the 
toxide which preserves the metal from further oxidation. When 
!heated in the air above its melting-point it catches fire and burns 
with a brilliant white light, producing its only oxide—magnesia. 
‚A wire or thin ribbon of magnesium very easily takes fire and 
|burns when one end is held in the flame of a Bunsen burner. The 
"light of burning magnesium is so intense and so rich in chemical 
rays that a mixture of chlorine and hydrogen explodes when ex- 
posed to it, just as it does in bright sunlight. 

Magnesium does not decompose water at the ordinary tempe- 
rature, or at all events only very slowly ; at about 30° a feeble 
evolution of hydrogen begins, which becomes more rapid as the 
temperature rises. Dilute acids, as well as ammonium chloride or 
carbonate, readily dissolve it. 

Magnesium may be prepared either by the electrolysis ofthe fused 
chloride, or else by decomposing the chloride with sodium. The 
electrolysis of the chloride may be performed in a porcelain crucible 
partially divided into two divisions by a piece of unglazed porcelain 
(fig. 63). When the crucible has been filled with the fused chloride, 
the two electrodes, which are made of gas-carbon and fitted in the 
lid (fig. 64), are introduced and connected with the poles of a 
powerful battery (about 8 to 10 Bunsen cells). The metal which 
is then produced is lighter than the fused chloride, and would rise 
to the surface and burn in the air if the negative pole were not 
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provided with a series of notches which catch the globules of meta’ 
in their ascent. 

For the reduction of magnesium from the chloride by sodium 
a mixture is prepared of six parts of anhydrous magnesium chlorid 



















Fig. 63. Fig. 64. 
one part offluor-spar, one part of fused potassium-sodium chloride, 
and one part of sodium cut into small pieces, and the whole thrown 
into a red-hot Hessian crucible. As soon as the first violent reac- 
tion is over, the closed crucible is removed from the furnace, and 
when it is no longer red hot, its contents are stirred with a piece o 
tobacco-pipe to unite the smaller globules of metal into larger ones. 
When the crucible is cold it is broken open, and the globules of 
metal picked out and washed with water. 


Magnesium is a dyad in all its compounds; it unites in only 
one proportion with oxygen. 


Magnesium Oxide. lagnesia: MgO. 


This, the only oxide of magnesium, is a white, light powder, 
which is infusible at the highest temperatures of our furnaces. 
When strongly heated it becomes much denser, and its specific 
gravity increases from 3'2 to 3'6. It is especially distinguished 
from the oxides of calcium, strontium, and barium by its almost 
complete insolubility in water. But although one part of magnesia 
requires more than 50,000 parts of water for solution, it still pro- 
duces a distinctly blue spot when moistened with water and placed 
on red litmus paper. It unites with water witha very slight evolu- 
tion of heat, forming the hydrate, from which the water is again 
easily expelled on heating. It attracts carbonic acid from the air 
(when in the pulverulent state), and, being a strong base, forms 
compounds with all acids. 
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Magnesium oxide is obtained by gently glowing the basic car- 
nate, known to pharmacists as wagnesia alba, and then gives 
. fine white powder called magnesia usta or calcined magnesia. 
he oxide is produced as a solid, compact mass on glowing the 
ompact natural form of magnesium carbonate, magnesite. Mag- 
esium oxide gradually hardens in contact with water, and forms 
. compact mass of the hydrate. 


Magnesium Hydrate: Mg(OH),, is precipitated on adding 
caustic soda or ammonia to a solution of magnesium sulphate ; 
hen washed and dried, it yields a white powder. It may be 
1eated to 100° without losing its water of hydration, and slowly 
ıttracts carbonic acid from theair. It is found in nature as the 
mineral drwezte. 


Magnesium Sulphate. /psom Salt: SO,-0,Mg + 7H,0.— 
his salt differs from the sulphates of calcium, strontium, and 
tbarium, by its easy solubility in water, and by the readiness with 
which it crystallizes. Considerable quantities of magnesium sul- 
pphate united with one molecule of water are found in the Stassfurt 
tbeds, and are known as Aleseritfe SO,-O,Mg + H,O. 

Magnesium sulphate is further contained in sea-water and in 
rmany highly valued mineral waters, among which may be men- 
ttioned those of Epsom near London, Seidlitz, Friedrichshall :in 
(Germany, and Hunyadi Jänos in Hungary. The salt may be 
cobtained artificially by decomposing magnesite or dolomite with 
tdilute sulphuric acid, and is a bye product in manufactories of 
‘aörated waters when either of these substances is used to prepare 
tcarbonic acid. If dolomite is used, calcium sulphate remains un- 
dissolved. 

Magnesium sulphate cerystallizes in colourless rhombic prisms, 
tand possesses an unpleasant saline and bitter taste. It is easily 
‘soluble in water, insoluble in alcohol, and when heated melts in its 
' water of crystallization, of which it loses six molecules under 150°, 
“The last molecule is only expelled at a temperature above 200°. 
"This molecule of water—so-called waier of constitution—can be 
‘ displaced by salts, producing double compounds, containing six 

molecules of water. Thus, when solutions of magnesium and 

potassium sulphates are mixed, a double salt of the composition : 
50,-0,Mg+SO,(OK),+6H,O, crystallizes out. In this respect 
magnesium sulphate is closely allied to other sulphates of dyad 
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metals which also crystallize with seven molecules of water (th 
vitriols), and thus connects the metals of the alkaline earths with 
the heavy metals. 

Owing to its well-known action as a mild and safe purgative, 
magnesium sulphate is a valuable and much used medicine, and 
mineral waters containing it are among those of which the largest 
quantities are consumed. 


Magnesium Phosphates. 


The normal salt: (PO),O,Mg,, is obtained as a white precipi- 
tate on mixing a solution of normal sodium phosphate with one of 
magnesium sulphate. If common (monaeid) sadium phosphate is 
added to magnesium sulphate thewazzacid phosphate : PO! (6 
7H,O, is produced, which separates from’concentrated a 
a white, amorphous powder, and is slowly deposited from dilute 
solutions in the crystalline form. The salt is difficultly soluble 
in water, but easily dissolvesin acids and in salts ofammonium. 
ammonia is added to a solution of magnesium phosphate in am- 
monium chloride, or to a mixture of magnesium sulphate, am- 
monium chloride, and sodium phosphate, a crystalline precipitate 
at once separates which is insoluble both in ammonium salts and 
in water containing free ammonia. This compound is a double 

phosphate of magnesium and ammonium and has the composition : 














PO (ON, +6H,0. If heated it loses its water of erystallizas 


tion and ammonia, while magnesium pyrophosphate remains be | 
hind, according to the equation :— 

# 
PO ONE, = 029.0: mE + H,O + 2NH, # 
The insolubility of this ammonium-magnesium phosphate renders 
ita suitable compound for quantitatively estimating both magnesium 
and phosphoric acid. The salt is often found in decomposing 
urine, and is sometimes deposited in the bladder as a constituent 
of urinary calculi. It is also contained in guano and occasionally 
in old dung-heaps, often forming large, well-developed crystals 
(struvite). 


Ammonium-Magnesium Arsenate: AsO \ONH, " 6H,0, is 
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prepared like the corresponding phosphate by mixing solutions 
of magnesium sulphate, ammonia, and sodium arsenate. Its pro- 
perties closely resemble those of the phosphate with which it is 
isomorphous. When heated it also leaves a residue of magnesium 
pyrarsenate. 


Magnesium Carbonate : CO-0,Mg.— This insoluble salt is 
found in nature as magnesite, partly crystallized in rhombohedra 
isomorphous with calcite, and partly as compact crystalline masses. 
Dolomite is a double carbonate of calcium and magnesium car- 
bonate. When a magnesium salt is precipitated with sodium car- 
bonate, a basic, not the normal salt is produced. This basic 
carbonate, or compound of normal magnesium carbonate and 
magnesium hydrate, has a varying composition, but may be gene- 
yally represented either as: 3CO-0,Mg + Mg(OH), or 2CO-0,Mg 
+Mg(OH),, with varying quantities of water. Acid sodium car- 
bonate is produced at the same time in which a small quantity 
of the magnesium carbonate remains dissolved. This white pre- 
erpitate is brought into trade as magnesia alba. 

Magnesium cardorate forms double salts with the carbonates of 
the alkalies, which may be obtained by digesting masnesia alba 
with the acid alkaline carbonates. 

’ 

Magnesium Borate is deposited on boiling a solution of magne- 
strm- sulphate with one of borax, but disselres again on cooling. 
Magnesium borate in combination with magnesium chloride forms 
the mineral doraczte, crystallizing in the regular system. 


Magnesium Silicate : Si(O,Mg),.—The normal salt of this com- 
position occurs in nature as the mineral o/wvine. The minerals 
talc, steatite, serpentine, and meerschaum are compounds of mag- 
nesium silicate with varying quantities of water. Augzfe, hornblende, 
and asbestos are double silicates of magnesium and calcium. 


Magnesium Chloride : MgCl,.— This salt is contained in sea- 
water and many mineral springs. It ıs obtained pure by dissolving 
magnesia alba in hydrochloric acid, adding chlorine water to oxidize 
the iron, and then digesting the solution with a slight excess of 
magnesia alba to precipitate the iron and alumina. The clear 
Solution when evaporated down to a small bulk deposits very de- 
liquescent crystals of thecomposition : MgCl, +6H,O. The water 

EE 
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cannot be expelled from this hydrated compound by heating, since 
the chloride then decomposes into magnesia and hydrochloric 
acid :— 
MsC, + H,O = MgO + 2HCI, 

and a basic chloride is formed. This decomposition can, however, 
be prevented by the addition of ammonium chloride, as a mixture 
of magnesia and ammonium chloride when heated produces mag- 
nesium chloride, ammonia and water :— 


MgO + z2NH,CI = MgCl, + 2NH, + H,O. 


The concentrated aqueous solution is therefore mixed with 
enough ammonium chloride to form the double compound : 
MgCl,+NH,Cl, and then thoroughly dried. The dried mass is 
afterwards gently heated in a Hessian crucible until vapours of 
ammonium chloride are no longer given off and the whole fuses 
quietly. The fused salt is poured on a clean slab of iron, rapidly 
broken into pieces and preserved in well-closed vessels. Some basic 
salt usually remains behind in the crucible. 

Anhydrous magnesium chioride is a white crystalline mass, 
deliquescing in the air. It can be distilled in a stream of hydrogen 
at a bright-red heat, and gives a colourless, soft distillate, which 
solidifies to a crystalline mass of brilliant plates. The salt is easily. 
soluble both in water and alcohol. 

Magnesium chloride forms double salts not only with am- 
monium chloride, but also with potassium and other chlorides. 
Potassium-magnesium chloride : KCl, MgCl,, +6H,0 is found in 
considerable quantities at Stassfurt, and is known as carnallite. 


Detection of Magnesium Compounds. 


Magnesium compounds do not colour a non-luminous gas flame 
when introduced into it, neither do they produce any characteristic 
spectrum. In this respect, magnesium differs from the other 
metals of the alkaline earths, and resembles those of the earths. 
It is further distinguished from the former by the solubility of its 
sulphate, and by the fact that solutions of its salts are not pre-- 
cipitated by ammonium carbonate, although magnesium carbonate 
is nearly as insoluble in water as the carbonates of calcium, 
strontium, and barium. The reason of this is that all insoluble 
magnesium compounds, except the double phosphate and arsenate 
of ammonium and magnesium, form soluble double compounds 
with ammonium salts. Hence a solution of magnesium sulphate 
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to which ammonium chloride has been added gives no precipitate 
of magnesium hydrate with ammonia. 

From these reactions, magnesium salts may be just as readily 
detected and separated as those of the other alkalineearths. From 
calcium, which commonly accompanies it, it may be separated by 
adding ammonium chloride and ammonia to the mixed solution, 
and then ammonium oxalate or carbonate. All the calcium is 
then precipitated as calcium oxalate or carbonate, and all the 
magnesium is contained in the filtered solution, from which it may 
be thrown down with sodium phosphate as ammonium-magnesium 
phosphate. 

It is remarkable that ammonia (in the absence of ammonium 
salts) partly precipitates magnesia from neutral solutions, while in 
solutions of calcium, strontium, and barium, it produces no pre- 
cipitate. 


METALS OF THE EARTHS. 


The chief representative of these metals is alumınmzum,! but the 
group also includes a number of metals of less importance, and 
much less known—viz. beryllium, gallium, and indium , yltrium, 
terbium, erbium and yilerbium; cerium, lanthanum, and didy- 
mium;, thorium and zirconium. All these metals have a strong 
attraction for oxygen, but considerably less than the metals of the 
alkaline-earths. Their basic oxides are sesquioxides—except those 
of thorium and zirconium. Notwithstanding their strong attrac- 
tion for oxygen, they appear to possess only a weak affınity for sul- 
phur, and their sulphides (except that of indium) cannot be obtained 
in the wet way. If ammonium or sodium sulphide is added to a 
solution of one of their salts, a precıpitate ofthe hydrate, not the 
sulphide, is produced, and sulphuretted hydrogen is set free :— 


ALCI, + 3(NH,),S + 6H,O = 2AI(OH), + 6NH,CI + 3H,S. 





ALUMINIUM. 
Chemical Symbol: Al.—Atomic Weight : 27. 
This element is never found free in nature, but combined with 
oxygen and silica it is one of the chief constituents of the super- 


! The author includes chromium with these metals, but the editor prefers to 
place it after manganese. The editor has also made some slight alterations— 
with additions—in treating of the rarer of these metals, 
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ficial layer of the crust of the earth. Felspar, granite, mica, and 
many other rock masses contain aluminium silicate. In combina- 
tion with fluorine and sodium fluoride it forms the mineral cryolite. 

Aluminium is a tin-white metal of specific gravity 2'6, tough, 
but malleable; it may be rolled into thin sheets and drawn into 
fine wire. It melts at about 700°—z.e. at a higher temperature than 
zinc, but lower than silver; it is not magnetic, but conducts an 
electric current better than iron. The metal remains unchanged 
in dry as well as in moist air, becoming covered with an extremely 
thin layer of oxide—even at its melting point it only oxidizes slowly. 
If, however, a large surface is heated in the air—e.g. a piece of 
aluminium foil in the lamp, it burns brilliantly. 

Concentrated nitric acid does net acrupon aluminium, but dilute 
sulphuric or hydrochloric acid dissolves it readily with copious 
evolution of hydrogen. It easily dissolves in a solution of .caustic 
potash or soda, evolving hydrogen and producing soluble com- 
pounds of alumina and potash or soda. The molten alkalies do 
not act upon it, but when fused with potassium carbonate, carbon 
is reduced. 

The strong affinity of aluminium for oxygen and the halogens 
makes its preparation somewhat difficult. Its oxide isnot reduced 
when glowed with charcoal, nor when heated in a stream of hydro- 
gen. It may, however, be easily prepared, either by the electrolysis 
of fused sodium-aluminium chloride : 2NaCl, Al,Cl,, or by decom- 
posing the chloride with sodium. The latter process can be carried 
out on a small scale by leading the vapour of aluminium chloride 
over fused sodium with a stream of hydrogen. After the violent 
reaction is over, the reduced aluminium is found under the fused 
sodium-aluminium chloride produced at the same time, if the 
sodium was not in excess. 

On the large scale, aluminium is manufactured in the following 
manner. The double chloride of sodium and aluminium is first 
prepared by heating a mixture of alumina, common salt, and char- 
coal in a stream of chlorine. Ioo parts of the sublimed double 
chloride are next mixed with 35 parts of sodium and yo parts of 
cryolite (to serve as a flux), and heated on the hearth of a reverbe- 
ratory furnace. The aluminium is then reduced, and collects on 
the hearth under the fused slag. 

The high tenacity of aluminium, its property of not rusting, like 
iron, inthe air, and its low specific gravity, would make it an ex- 
tremely useful metal could it be prepared in larger quantities and 
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at a lower price than is at present the case. It is now little used, 
except for scientific purposes and for the manufacture of aluminium 
bronze. 

We are only acquainted with one oxide of aluminium, and only 
with one compound with chlorine and the other halogens. 


Aluminium Oxide, Alwmnina: Al,O,„—-This compound occurs 
in nature in crystals belonging to the hexagonal system—partly 
transparent, of a blue orred colour (probably due to traces of cobalt 
and chromium) as the two precious stones, the sappAhire and ruby 
—and partly less pure, as grey, usually opaque, crystals, called 
corundum. Crvstalline alumina is distinguished by its hardness— 
next to the diamond it is the hardest substance known, and is, 
therefore, highly valued for grinding and polishing. For this pur- 
pose massive crystalline alumina, called erwmery, is used. Emery 
is found in some parts of Asia Minor, especially on the island of 
Naros, as well as in Massachusetts. 

The oxide may be easily prepared as a white amorphous powder 
by glowing either its hydrate or its double sulphate with ammonium 
— called ammonia alum. 

Like all sesquioxides, alumina is a weak base, and is not soluble 
in acids either in the natural or artificial form. It can only be 
brought into solution by fusion with acid potassium sulphate, or 
with alkaline hydrates or carbonates. Alumina forms salts not 
only with strong acids but also with strong bases, in which it plays 
itself the part of an acid. Some of these salts—e.g. those of potas- 
sium and sodium—are soluble in water, hence it follows that 
aluminium hydrate when separated from aluminium salts by caustic 
soda (or potash) dissolves in an excess of the reagent. 

Alumina is infusibleat the highest temperatures of our furnaces, 
but melts in the oxy-hydrogen flame to a colourless glass, which 
erystallizes on cooling. By the previous addition of minute quan- 
tities of potassium dichromate, artificial rubies may be thus 
obtained. 


Aluminium Hydrate : Al, (OÖH),,or AKÖOH),— This compound, 
occurring in nature as Aydrargillite or gibbsite, is obtained as a 
white gelatinous precipitate when a soluble aluminium salt is pre- 
cipitated with ammonia. The precipitate, which is difficult to 
wash, dries to a translucent mass, and afterwards forms a light, 
white amorphous powder, insolublein water. Whengently heated 
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it loses two molecules of water and is changed into a hydrate of the 


composition : tr which is also found in the mineral king- 


dom as diaspore. 

Aluminium hydrate is easily dissolved both by acids and alkalies 
(except ammonia). In both cases salts are produced, the alumina 
playing the part of base or of an acid. It possesses the property 
of uniting with organic colours and precipitating them from their 
solutions, and is, therefore, a valuable mordant. Calico and other 
stuffs, which do not themselves unite with the colours with which 
they are to be dyed, retain them firmly if impregnated with alu- 
minium acetate—a salt which readily deposits aluminium hydrate. 
Organic colours precipitated with aluminium hydrate are termed 
/akes. Alumina and its compounds are thus largely used in dyeing. 


Aluminium Salts.— Aluminium, as we have just mentioned, 
forms two classes of salts: those in which it plays the part of a 
base, and those in which it is an acid. The former are the 
common salts of aluminium ; the latter are called aluminates. 
They are found in the crystalline form in nature, and can also be 
prepared artificially. 

Two classes of aluminates are known, one in which the alunzinzc 
acid is tribasic, and one in which it is dibasic. These two acids are 


simply the two hydrates : Al(OH), and oo The naturally 


occurring aluminates (often called sZinelles) belong chiefly to the 
latter class. The following are the more important of these salts. 

(AlO-OK 
(AIO-OK 
ANONa),, are obtained by dissolving aluminium hydrate in caustic 
potash or soda, and separate out on evaporationor on the addition of 


Potassium Aluminate : and sodium aluminate : 


. ] 
alcohol. Magnesium aluminate—the mineral spinelle: 1 [ 0,Ms, 


) 


j RE (9, : 
zinc aluminate—gahnite : ao; 9:2 and jerrous aluminate— 


N O,Fe, are aluminates occurring in nature. 


iron-spinelle: 0: 

Aluminium Sulphate: (SO,),0,Al,+ 18H,0.— The normal 
salt of the above composition is occasionally found in nature, and 
is prepared by dissolving aluminium hydrate in sulphuric acid, or 


* 
* 





i2 
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commercially by acting on clay (aluminium silicate), with concen- 
trated sulphuric acid. The mixture of aluminium sulphate and 
silicic acid obtained by the latter process is known in trade as 
alum-cake. The salt crystallizes from concentrated solutions in 
fine needles or plates, which deliquesce in the air. Besides the 
normal salt, numerous basic compounds are known. One of these 
is found in nature as the mineral aluminite, and has the composi- 
tion : (SO,),0,Al, + 4Al(OH),+21H,O. 

Aluminium sulphate forms crystalline double salts with the 
sulphates of the alkalies, of thallium, and of silver. These double 
sulphates all crystallize in the regular system, and are all isomor- 
phous with one another : they are called alums. The longest 
known of these compounds is Zofash-alum, potassium-aluminium 
sulphate:: sack + ı2H,0O, or KAI(SO,),+12H,O, to which 
reference has been previously made (p. 336). It may, like all 
the other alums, be considered as a double sulphate of potas- 
sium and aluminium, and its formula would then be: SO,(OK), + 
(SO,),0,Al, + 24H ,0. 


Potash-alum, of the above composition, erystallizes from its 
aqueous solution in large, colourless, and transparent regular 
octahedra, often combined with faces of the cube. If its warm 
solution is mixed with potassium carbonate (or hydrate) so that the 
precipitate at first produced is redissolved, the solution, which 
now contains a basic salt, deposits crystals of ordinary alum in the 
form of cubes, not octahedra. This is called cwdrc alum. 

Alum possesses a sweet, astringent taste, has an acid reaction, 
and is easily soluble in water, especially warm. It is insoluble in 
alcohol. When the crystals are exposed to the air they become 
covered with a white opaque crust, which is said to be due to the 
formation ofa basic salt from the ammonia of the air, and not to 
loss of water. If alum is heated it melts in its water of crystalliza- 
tion, and as the liquid loses water it becomes thicker and thicker 
and froths considerably. Finally, the anhydrous salt remains 
behind as a spongy mass, known in medicine as burn? alum. 

Alum may be prepared directly from its constituents by mixing 
solutions of aluminium and potassium sulphates, and evaporating 
down. The aluminium sulphate used for the manufacture of alum 
is principally obtained: in two different ways—either by treating 
kaolin or some other clay (aluminium silicate) with concentrated 
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sulphuric acid, or by roasting alum-shale and extracting with water. 
The alum-shale does not contain aluminium sulphate ready formed, 
but consists of a shale (essentially solidified clay) mixed with small 
erystals of iron pyrites, and often with some combustible sub- 
stances. When roasted in the air oxidation takes place, with the 
production of ferric oxide (or ferrous sulphate), sulphurous anhy- 
dride and sulphuric acid, the latter acid decomposing the alumi- 
nium silicate, forming aluminium sulphate. The mass is extracted 
with water, the requisite quantity of potassium sulphate added, and 
evaporated down to crystallize. Some varieties of alum-shale are 
so easily decomposed, and contain the iron pyrites so finely 
divided, that it suffices to moisten them with water and leave them 
exposed to the air for some time to effect the required decomposi- 
tion. 

The value of an alum for dyeing purposes is greater the less 
the amount of combined iron it contains, because this substance 
spoils the colour. Alum particularly free from iron is prepared 
from a naturally occurring basic aluminium sulphate, called a/unzite. 
This substance is much less widely distributed in nature than 
alum-shale, and is chiefly found near Rome, in Tuscany, and 
Hungary. The alum prepared from it is known in trade as 
Roman alum. Alunite, which is insoluble in water, may be con- 
sidered as a compound of one molecule of anhydrous alum united 
with two of aluminium hydrate, and is therefore represented by the 
formula: solok + 2Al(OH),. When gently heated, it yields 
water, insoluble alumina, and soluble potash alum. The last 
named compound is then extracted with water, and usually crystal- 
lizes in cubes. 

If a solution of aluminium sulphate is mixed with one of 
sodium, ammonium, rubidium, caesium or thallium sulphate, alums 
are produced of the same crystalline form as potash-alum and of 
analogous composition. An alum of silver has also been obtained. 
These different alums are distinguished by the names soda-, 
ammonia-, &c., alım. Formerly, large quantities of ammonia- 
alum were manufactured in England from the ammoniacal liquors 
of the gas-works ; the manufacture has now almost entirely ceased, 
owing partly to the immense quantities of cheap potassium 
compounds obtained from the Stassfurt beds. Ammonia-alum 
cannot be distinguished from potash-alum in its external cha- 


racters. 
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- Besides the substitution of the potash by other monoxides, the 
alumina in alum may also be displaced by other sesquioxides with- 
out altering the shape or general character of the compounds ; and 
alums can be prepared in which the aluminium is displaced by iron, 
manganese, or chromium respectively. These alums are known by 
the names of the triad metals which they contain, and have the 
following composition :— 


i sQ0,10,Fe& - 
Iron-alum ; : i - So,| ok + 12H,O. 
SO,\O,Mn 2 
Manganese-alum . : *.$0, 'oK 12H,O. 


SO, 1 O4CH Br 
Chrome-alum . z F - S0.JjoK + 12H,0. 


These alums are coloured : iron-alum usually violet, chrome- 
alum, dark-green or purple. Like alum proper, the potassium 
can be displaced by other monad metals, and we are thus ac- 
‚quainted with more than twenty isomorphous compounds belong- 
ing to this class. 


Aluminium Phosphate : PO-O,Al+4H,0.—The normal salt 
is deposited as a white gelatinous precipitate, when a solution of 
sodium phosphate is added to one of aluminium sulphate or of 
alum. It is easily soluble both in acids and alkalies (except 
ammonia). Various basic phosphates are known, among which is 
the mineral wawellite. 


Aluminium Silicate : (SiO),0,Al,.—A silicate having this 
composition is thrown down as bulky precipitate on adding excess 
of a hot dilute solution of aluminium sulphate to a neutral solu- 
tion of sodium silicate. A salt of the composition : ALO,S21O, 
is found crystallized in the mineral kingdom as andalusite and 

ı disthene. In combination with other silicates, aluminium silicate 
is one of the most important constituents of the crust of the earth. 
Among these may be mentioned the je/spars of which the com- 
' position has been already given (p. 272). The commonest of these 
is potash-felspar or orthoclase: KAISi,O,, less common are soda- 

‚Jelspar or albite, of similar composition, and Zrme-felspar or anor- 

ı thite. Most of the naturally occurring double silicates are anhy- 
« drous, but some—the Yale water. To this class 
long the minerals zafrodite and analcıme, which are hydrated 
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double silicates of aluminium and sodium. They belong to the 
few silicates which are decomposed by hydrochloric acid. The 
felspars and most of the other silicates are quite unacted upon 
by hydrochloric acid, and can only be decomposed by treatment 
with hydrofluoric Bach or by fusion with sodium (or potassium) 
carbonate. 

One of the most important hydrated silicates is c/ay, which in. 
its purest form is Aaolin or china-clay. This is hydrated alu- 
minium silicate of the approximate composition : Al,O,, 2SiO,+ 
2H,O. Itis produced by the gradual weathering of felspar, whic 
is often found mixed with it. The process consists in a gradual® 
change of the potassium silicate by the carbonic acid of theair into“ 
soluble potassium carbonate (see p. 344), leaving insoluble ale 
minium silicate, which then unites chemically with water. | 

4 


Kaolin is largely used for the manufacture of orcelain and 
earthenware. Clay when finely powdered and mixed with water. 
forms a plastic mass which readily allows itself to be moulded into 
various shapes, and if the clay is afterwards heated, it bakes 
together to a hard but porous mass It is because of these two 
properties that clay is so largely used for the manufacture of articles 
of china, stoneware, and earthenware. But vessels prepared ro 
clay alone are porous, and cannot be used to contain liquids: t 
make them available for this purpose they are either coated with 
a thin layer of glass (the glase), or else the clay is previously mixed“ 
with some fusible material (the 7777), then burnt and glazed. In 
the manufacture of true Zorcelain the frit employed is usuall 
either felspar or a mixture of felspar and quartz, which is carefully 
mixed with the kaolin and then burnt at a high temperature, | 
true porcelain, the frit penetrates through the entire mass— giving. 
it its well-known translucent appearance. Porcelain is usually 
glazed by dipping it in finely powdered felspar suspended in "ze 
and then again heating. 

Stoneware of very various qualities is a coarser kind of porce. 
lain made with a more easily fusible frit which does not penetrate 
through the entire mass of the clay. Stoneware is glazed with 
more fusible glaze than felspar. { 

Earthenware or Fayence, which is made from variously 
coloured clays, is porous, and of a yellow or reddish colour. Itis 
glazed either with lead oxide, forming an easily fusible lead silicate, 
or with common salt. The salt is usually thrown into the kiln 
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wlıen the burning ıs nearly over. It then volatilizes, and is de- 
composed with the water-vapour present and the silica of the clay, 
forming hydrochloric acid and a sodium silicate, which acts as a 
glaze. 

A clay rich in calcium carbonate, and which is sometimes mixed 
with clay in making earthenware, is known as warl. Intimate 
mixtures of clay with ferric oxide of various colours from yellow to 
brown are used as pigments under the name ot ochres. Fuller's 
earth and bole are fine clays used for cleansing clothes and other 
purposes. 


UVitramarine.— Ihe highly valued ornamental stone called 
lapis lazuli, and occurring especially in China and Thibet, was 
previously powdered and sold under the name of w//ramarine for 
its weight in gold. This substance is essentially a compound of 
sodium and aluminium silicates with sodium pentasulphide. Fifty 
years ago Gmelin discovered a method for the artificial manufac- 
ture of ultramarine, and since then his processes have been so 
perfected, that the artificial substance can now be made of a finer 
colour than that found naturally. This discovery has, therefore, 
been well described as one ofthe most brilliant victories of chemical 
science during the present century. 

The artificial preparation of ultramarine appears at first ex- 
tremely simple, but in order to prepare a pigment of fine colour a 
number ofpractical details must be attended to. These can only 
be acquired by long experience, and are often preserved as trade 
Secrets. 

Ultramarine is obtained by heating clay in a closed, crucible 
with some mixture which produces sodium sulphide, such as 
sulphur and sodium carbonate, or sodium sulphate and charcoal. 
The product first produced is green—w//ramarine-green—but if 
mixed with sulphur and again gently heated, changes to the well- 
known blue colour of ultramarine proper. The change in colour 
is probably due to the formation of a polysulphide of sodium. If 
heated too strongly, the colour is destroyed. 

The chemical constitution of ultramarine is still uncertain. It 
is thought that the blue compound contains sodium pentasulphide, 
and the green the disulphide. Thesodium sulphide cannot be dis- 
placed by potassium sulphide. The products are finely ground, 
brought into trade in various tints, and largely used for many 
Purposes, 
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Ultramarine is not so permanent as smalt (cobalt blue), nor 
indigo, but is not decomposed by soaps:and alkalies like Prussian 
blue. Acids, however, at once decompose ultramarine, and it ma 
be recognized by the reaction that when mixed with hydrochloric 
acid, sulphuretted hydrogen is evolved, much white sulphur sepa- 
rates— from the sodium pentasulphide—and the blue colour en- 
tirely disappears. 


Aluminium Chloride: Al,Cl.— This compound may be ob- 
tained by burning the metal in a stream of chlorine. It is, 
however, usually prepared by intimately mixing alumina and 
powdered charcoal (best sugar charcoal '') with starch paste, and 
then proceeding as described under the preparation of silicon 
tetrachloride (see p. 273). On glowing in a stream of dry chlorine, 
aluminium chloride sublimes in yellowish crystalline plates.. The 
yellow colour is due to traces of ferric chloride, which may be 
removed by sublimation over hot aluminium, when the volatile 
ferric chloride is converted into non-volatile ferrous chloride, 
Pure crystalline aluminium chloride is colourless, sublimes when 
gently heated, and rapidly attracts water from the air. 

The aqueous solution of the chloride, which may be obtaine 
by dissolving aluminium hydrate in hydrochloric acid, whe 
evaporated down deposits colourless deliquescent crystals of th 
composition: Al,Cl,+12H,O. The water cannot be expelle 
from these crystals by heating so as to leave the anhydrous 
chloride, because the aluminium chloride is then decomposed wit 
the formation of hydrochloric acid, and a basic chloride or eve 
alumina. Aluminium chloride unites with sodium and othe 
chlorides, producing fairly stable double salts. 


Aluminium Fluoride: Al,F,, is obtained by dissolving alumi 
nium hydrate in hydrofluoric acid, or by glowing a mixture 0 
alumina and fluor-spar in hydrochloric acid gas. It is insoluble in 
water, sublimes at a high temperature in colourless cubes, and i 
combination with sodium fluoride forms the mineral cryodite: 
Na,AlF,=6NaF,AL,F,. | 


Aluminium Sulphide: Al,S,, is produced when alumina is“ 
glowed in the vapour of carbon disulphide. It is a bright yellow 
vitreous mass, which with water, or even moist air, rapidly decom- 
poses into sulphuretted hydrogen and aluminium hydrate. 

I Ora very pure form of lamp-black, known as gas- -black.—ED,. 
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Detection of Aluminium Compounds. 


Aluminium salts are distinguished from those of the alkalies 
and alkaline earths by the production of a white gelatinous pre- 
cipitate of aluminium hydrate with ammonia—a precipitate which 
is insoluble in ammonium salts and is therefore produced in their 
' presence (comp. magnesium). They are further distinguished by 
‘ yielding a white precipitate of aluminium hydrate, not sulphide, 
‘ with ammonium sulphide. 

Like all sesquioxides, alumina is a weak base, and does not 
form compounds with weak acids—e.g. carbonic acid. If a solu- 
“tion of aluminium chloride is mixed with one of sodium carbonate, 
‚ aluminium hydrate and sodium chloride are formed, and carbonic 
acid set free. Ifthe sodium carbonate is in excess, acid sodium 
carbonate is produced. The weak basic properties of alumina are 
‘ further shown by its behaviour with caustic soda (or petash). 

Caustic soda precipitates aluminium hydrate from solutions of 
‚ aluminium salts, but the precipitate dissolves in an excess of the 
‚ alkali, forming sodium aluminate—a salt in which alumina plays 
' the part of an acid (p. 423). Aluminium compounds when heated 
on charcoal before the blowpipe leave a white infusible mass, 
‘which, when moistened with a drop of cobalt nitrate and again 
heated becomes of a fine blue colour. 





BERYLLIUM. 
Chemical Symbol: Be—Atomie Weight : 13'6. 


This somewhat rare element is chiefly found in nature as a 
double silicate ofaluminium and beryllium : AI,O,, Be,O,,6Si0,, or 


ı (SiO), I which, in its rough opaque form, is called bery/; 
Bi 


when purer and transparent it is either of a pale sea-green colour : 
aquamarine, or else of a bright green: ewmerald, both of which 
varieties have considerable value as precious stones. It further 
Occurs as silicate simply in the mineral Zhenakite : 2Be,O,, 3SiO,, 
‚or Si,(O,Be),, and as double oxide of aluminium in chrysoberyl: 
Be,O,, AL,O,. 

The metal may be obtained by leading the vapour of the 
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chloride over fused sodium contained in iron boats, and afterwards 
washing with water. Itisa white metal like aluminium, with a 
specific gravity of 17, and melts at a red-heat under partial oxida- 
tion. It is without action on water at the ordinary temperature, 
but decomposes it slowly on boiling. Dilute hydrochloric or 
sulphuric acid easily dissolves it with rapid evolution of hydrogen. 
Concentrated nitric acid scarcely acts on it. It dissolves also in 
the caustic alkalies (not in ammonia), forming soluble compounds 
resembling the aluminates. 


Beryllium Oxide or Beryllia: Be,O,, is a white, amorphous 
powder of 3°0 specific gravity, obtained by heating n 

Beryllium Hydrate: Be,(OH),.—This compound is thrown 
down as a white gelatinous precipitate when ammonia is added to 
a solution of a beryllium salt. The precipitate forms a white 
powder when washed and dried ; it is soluble in caustic potash 
or soda and in ammonium carbonate, from which solution it is. 
again precipitated on boiling as a carbonate, 


The salts of beryllium possess a pure sweet taste, whence the 
name glucinum, which is sometimes given to the metal ; they are 
mostly soluble in water. R 

Beryllium Sulphate: (SO,),O,Be,+12H,O, easily crystallizes h 
when its aqueous solution is evaporated down. It forms a double 
compound with potassium sulphate, which is difficult to obtain 2 
the crystalline form, and has a different composition to common 
alum, with which it is therefore not isomorphous. 

Beryllium Chloride: Be,Cl,, is prepared like aluminium chloride, 
which it resembles, but is less volatile. It forms, when pure, white, 
crystalline, highly deliquescent needles. 

Beryllium Carbonate.—On adding sodium carbonate to a solu- 
tion of a beryllium salt a precipitate of a basic carbonate is pro- 
duced, which dissolves with difficulty in an excess of the reagent. 
This carbonate is much more easily soluble in ammonium carbo- 
nate, a fact which enables us to detect beryllium and to separat 
it from aluminium. Water containing carbonic acid also slightl 
dissolves the basic carbonate. 

From the above properties of beryllium and its compounds it 


will be seen that the metal occupies a peculiar position between 
magnesium and aluminium, both of which it resembles in some 
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points. And it has long been a matter of discussion whether the 

_ element should be classed with the alkaline-earths or with the 
earths. In the former case it would be a dyad with an atomic 
weight of 9°ı, and its oxide would be written: BeÖ; in the latter 
the element is a triad, its atomic weight is half as much again, or 
13'6, and its oxide becomes : Be,O,. Recently the specific heat of 
the metal has been determined and found to be 0'445, which when 
multiplied by the atomic weight (136) gives 6°05, proving, according 
to Dulong and Petit’s law (p. 70), that this is thetrue atomic weight 
and not 9'1. 





GALLIUM. 
Chemical Symbol : Ga.— Atomic Weight : 69°8. 


This element is contained in some samples of blende found in 

the Pyrenees, but only in extremely minute quantities (about 0'002 

“per cent.) Its spectrum contains two characteristic lines in the 
violet which led to its discovery by the French chemist, Lecoq de 
Boisbaudran in 1875. 

Gallium is a white lustrous metal of low melting-point (30°) ; 
when once melted it remains liquid, like mercury, even at 0°. Its 
specific gravity is 59. The metal remains unaltered in the air, 
and only becomes covered with a thin layer of oxide when heated 
nearly to redness. It is not attacked by water at the ordinary 
temperature, but dilute hydrochloric acid as well as the alkalies 
dissolve it with evolution of hydrogen. 

The compounds of gallium resemble those of aluminium. Gal- 
Zium oxide: Ga,O, and the hydrate are white amorphous powders, 
insoluble in water. Gallium chloride: Ga,Cl,, which may be ob- 
tained by heating the metal in a stream of dry chlorine, is soluble 
in water and easily sublimes. A dichloride: GaCl, is also known. 


SO,) 0,Ga 


Ammonium-gallium alum : ONH. + !?H30, cerystallizes 
E 4 


So, 
in regular octahedra. 
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INDIUM. 
Chemical Symbol: In— Atomic Weight: 113'4. » 


















Indium, like gallium, belongs to the rarest metals ; it is also 
found in very small quantities in some zinc ores, and when these 
are worked for zinc alloys itself with this metal. _ The zinc from 
Freiberg in Saxony contains from 0'05 to o'I per cent. of indium. 
If such zinc is treated with insufficient hydrochloric acid to com- 
pletely dissolve it, the indium remains behind with other metals, 
and is purified by different processes. 

Indium is a white lustrous metal, of specific gravity 7'4, and 
melting at 176°. 1 dissolves slowly in hydrochloric or dilute sul- 
phuric acid, but easily in nitrte acid. The metal remains unchanged 
in the air, but burns, when heated to redness, with a violet light, 
and producing brown vapours. Indium is a triad m all its com- 
pounds. 

Indiom Oxide : Tn,O,, isa bright yellow powder, which becomes’ 
dark brown when heated. 

Prredsuur Hydrate: In(OH),, is thrown down from indium salts ‘ 
on addition of ammonia,as a white gelatinous precipitate, resem- 
bling aluminium hydrate; it also dissolves in caustic soda or 
potash. E 

Indium Sulphate: (SO,),O,In,, remains as a gummy m 
when its solution is evaporated down. It unites with ammonium 
sulphate, but not with potassium sulphate, and forms ammonium- 


indium alum: SO.loNH, + 12H,O0. 


Indium Chloride : InCl,, is prepared by heating either the ne N 
or a mixture of the oxide and charcoal in a stream of dry chlorine, — 
when it sublimes in white crystalline plates. It is very deliques- 
cent. N 
Indium Sulphide : In,S,, is produced when sodium and sulphur 
are gently heated together, and then forms a brown infusible mass. 
Sulphuretted hydrogen precipitates the same compound from neu- 
tral solutions of indium salts, or when sodium acetate has been 
added to the solution. In the presence of free hydrochloric acid 
no precipitate is obtained. Indium, which is otherwise closely allied 
to aluminium and gallium, in this respect resembles zinc. 

Traces of an indium compound, if introduced in the non- 
luminous gas flame, may be at once detected by its spectrum, 
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which is characterized by one line in the dark blue. It was this 
line which led to the discovery of the metal, and from which it 
derives its name. 


YTTRIUM, TERBIUM, ERBIUM, and YTTERBIUM. 


Chemical Symbols: Y, Tr, Er, Yb. 
Atomic Weights: 90, 148, 166, 173. 

These four rare elements, which have not yet been prepared in 
the free state, are only found in a few extremely scarce minerals— 
e.g. in gadolinite as silicates, in y//rofantalite and samarskite as 
tantalates and niobates. 

Of their oxzdes, yttrium and ytterbium oxides: Y,O, and 
Yb,O,, are white, terbium oxide: Tr,O,, is yellow, and erbium 
oxide: Er,O,, pink. 

The salts of all four so closely resemble one another that they 
can only be partially separated with considerable diffhiculty. The 
sulphates and nitrates are soluble in water, the former compounds 
being more soluble in cold than hot water. The chlorzdes are non- 
volatile, and can be prepared anhydrous like magnesium chloride. 
Finally, the oxw/afes and carbonafes are insoluble, so that they can 
be separated from aluminium and iron (in the ferric state) by pre- 
cipitating with oxalic acid. 

The salts of erbium are of apink colour, and yield a very charac- 
teristic absorption spectrum, by means of which small quantities of 
the element may be detected. 





CERIUM, LANTHANUM, and DIDYMIUM. 


Chemical Symbols: Ce, La, Di. 
Alomic Weights: 141, 139, 146. 

These three elements, which may be prepared by the electro- 
lysis of their fused chlorides, always occur associated with one 
another in nature— usually asa hydrated silicate : cerife, which is 
decomposed by hydrochloric or sulphuric acid. 

Cerium forms two oxides—viz. a sesquioxide: Ce,O,,and a per- 

oxide: CeO,. Both are white compounds, but the latter becomes 
FF 















434 Text-Book of Inorganic Chemistry. 


yellow when heated in the air. The two other oxides, lanthanum 
oxide : La,O,, and didymium oxide : Di,O,, correspond to the ses- 
quioxide of cerium. Didymium also forms a brown peroxide. 

The sa/Zs ofthe three metals resemble one another so closely that 
it is difficult to separate them. The cerium may be got rid ofas the 
peroxide when the alkaline solution containing cerium hydrate in 
suspension is acted on by chlorine, but the separation of lantha- 
num and didymium is much more diffhicult. 

The swl/phates, nitrates, and chlorides closely resemble those of 
the preceding group. The oralates are also insoluble in water 
and dilute acids. The sulphates are distinguished by forming 
a double sulphate with potassium (not an alum), which is quite 
insoluble in a saturated solution of potassium sulphate, and so 
enables us to separate this group of metals from the preceding 
group. 

Didymium compounds are pink, like those of erbium, but with 
a bluer tinge. They also yield a characteristic absorption spec- 
trum, of which the darkest band is one in the yellow. 





THORIUM. 
Chemical Symbol: Th.—Atomic Weight : 232'5. 


This extremely rare element is only found in twoscarce minerals, 
both of which are silicates—the one anhydrous, called /horzte, and 
the other hydrated, orangzte. 

The metal can be extracted by acting on its volatıle c/loride : 
ThCl,, with sodium. The only oxzde has the composition : ThO,. 
Its sulphate, chloride, and nitrate are all soluble in water. 





ZIRCONIUM. 
Chemical Symbol: Zr. — Atomic Weight : 90. 


Zirconium is also one of the rarer elements, and chiefly found 
in its silicate, the minerals zircon and Ahyacinth: Si(O,Zr). Th 
metal is obtained in brilliant brittle scales, by strongly heatin, 
potassium fluozirconate with aluminium in a graphite crucible, an 
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_ afterwards extracting the excess of aluminium with hydrochloric 
acid. It has a specific gravity of 4'1, is very difficultly fusible. and 
is not attacked by oxygen at a red heat, but burns in the oxy-hydro- 
gen ame. Hydrochloric, nitric, or sulphuric acid scarcely attacks 
it, but it dissolves in hydrofluoric acid with evolution of hydrogen. 


The. mineral zircon is not attacked by any acid, but is decom- 
posed by fusing it either with sodium carbonate, or, better, with 
acid potassium fluoride ; in the latter case potassium fluosilicate 
and fluozirconate are formed, of which the latter dissolves when the 
fused mass is boiled with water, while the former remains undis- 
solved. From this solution ammonia precipitates 

Zirconium Hoydrate: Zr(ÖH), as a white voluminous mass, 
which loses water when heated, and leaves zzrcomium oxide or 
zirconia: ZrO, as a white power, insoluble in dilute acids. 
Caustic soda also precipitates the hydrate like ammonia, which is 
soluble in an excess of this reagent like aluminium and beryllium 
hydrates. 

en F 50,.0,) b ei ; 

Zirconium Sulphate: 50.0, ‚zu obtained by dissolving the 
hydrate in sulphuric acid, crystallizes with difficulty from its aqueous 
solution. 

Zirconium Chloride : ZrCl,, prepared like aluminium chloride, 
by glowing a mixture of zirconia and charcoal in dry chlorine, is a 
white crystalline substance, volatile without decomposition, and 
soluble in water. The same solution is obtained by dissolving 
zirconium hydrate in hydrochloric acid, from which, however, an 
oxychloride: ZrOCl,, with varying quantities of water, crystallizes 
in colourless silky prisms on concentration. Zircomum fluoride: 
ZrF,, sublimes as a colourless crystalline mass when an intimate 
mixture of powdered zircon and fluor-spar is heated in a stream of 
hydrochloric acid. It is insoluble in water and hydrochloric acid, 
but dissolves in hydrofluoric acid. On mixing this solution with 
potassium fluoride and evaporating down, crystals of potassium 
fluozirconate: ZrF,+2KF, or K,ZrF, are obtained, isomorphous 
with the corresponding compounds of silicon, titanium, and tin. 

Zirconium (like thorium) is a tetrad in nearly all its com- 
pounds ; it is connected with silicon and titanium on the one hand, 
and with tin on the other, as is readily seen from the above 
description of its compounds. 


FF2 
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HEAVY METALS. 


IRON. 



























Chemical Symbol: Fe—Atomic Weight: 56. 


Iron belongs to the most widely distributed, and to the most 
important elements. It is found in the free state in meteorites 
—Jarger or smaller masses of iron which occasionally reach the 
earth from extra-terrestrial space. These meteorites always contain 
nickel, often as much as Io per cent., and may be distinguished 
from metallic iron of other origin by peculiar markings (first noticed 
by Widmanstädt) which are produced when the surface is polisheäl 
and treated with nitric acid. 

The most important compounds of iron, and those used ex- 
clusively for the extraction of the metal, are its oxygen compounds. 
They are not only very widely distributed, but are often found in 
immense quantities. Among these are : sdecwlar-iron, ferric oxide: 
Fe,O,, beautifully erystallized in the hexagonal system, and espe- 
cially abundant on the Island of Elba. Ferric oxide, as granular, 
columnar, or earthy masses forms the important ore, ved hematite, 
which when combined with water is known as brown hamatite or 
limonite. Red hamatite is principally found in Lancashire and 
Cumberland in England, while brown haematite is found either 
associated with carboniferous rocks in the Forest of Dean and 
Glamorganshire, or else with oolitic rocks, as the earthy haematite 
of Northamptonshire and Lincolnshire. The dog zron-ores of 
Ireland and North Germany also consist of limonite, but of a 
much more recent date. Magnetic iron ore: Fe,O,, when pure, is 
the richest, and one of the most valuable of iron ores. It is found 
crystalline, but usually in rough masses, or as sand, and is the 
chief ore from which the Swedish iron is extracted. Spalhze iron 
ore or siderite is impure ferrous carbonate: CO-O,Fe, and is 
found in small quantities as such in England, but chiefly occurs in 
some German localities, and in Styria. Spathic iron ore is gene 
rally found in England, intimately associated with clay as day ron 3 
stone, or argillaceous ih ant, if not 





BE 
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the most important English ores of iron. It occurs in large quan- 
tities in various parts of the kingdom. 

Other compounds of iron which are found in large quantities in 
nature but which cannot be used as iron ores are: /ron pyrites: 
FeS,, distinguished by its bright yellow colour and the readiness 





Fig. 65. 


with which it crystallizes; magnetic pyrites: Fe,S, or Fe,S,, richer 
in iron ; coßper pyrites: CuFeS,; arsenical pyrites: FeAsS, &c. 

Iron is extracted from its ores by reduction with carbon ata 
high temperature. The furnaces used for iron smelting, called 
blast-furnaces, are usually built in the form represented in fig. 65. 
They are of strong masonry, lined with fire-bricks, and reach a 
height of sixty or eighty feet. The iron ore, which, if clay iron ore, 
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must first be roasted to expel carbonic acid and water, is introduced 
at the top with alternate layers of coke, or in some countries 
(Sweden) charcoal. And if the ore does not contain the requisite 
constituents to form a fusible slag, either limestone or silica in 
some form must be added for this purpose. At the lower part of 
the furnace a blast of air is blown in from several iron openings, 
called /wyeres, which are kept at a low temperature by a stream of 
cold water circulating through them. Above the blast about D in 
the figure, the iron is reduced to a spongy mass, partly by the hot 
carbonic oxide, and partly by the free carbon. This reduced iron 
takes up carbon, &c., in its descent, becomes more fusible, and 
finally forms a liquid mass on the hearth atG. At the same time 
the silica, lime, alumina, &c., unite to form a fusible slag (p. 404), 
which is lighter than the iron, and by floating on its surface pro- 
tects it from the oxidizing action of the blast. When the furnace 
is at work, a continuous stream of molten slag flows out by a side 
opening—over a räised portion—the dam-plate (not shown in the 
figure). The inflammable gases which escape from the top of 
the furnace consist chiefly of carbonic oxide, produced by the 
reduction of the carbonic acid, and of nitrogen. In modern 
furnaces these gases are not allowed to burn in this wasteful 
manner at the mouth of the furnace, but pass out at a side opening 
near the top, and are then used to heat the blast of air entering at 
the base of the furnace. A large economy of fuel is effected by 
using a hot instead of a cold blast. In such furnaces, the top is 
closed with a valve arrangement (cz and cone) through which the 
materials are introduced when necessary. At stated intervals, 
when sufficient molten iron has collected on the hearth G, a hole 
at the base, which is closed with sand or clay, is opened with 
a long iron rod, and the iron flows out into suitable moulds, pro- 
ducing rough bars—called Zrgs. Such a furnace is kept in con- 
tinuous action for several years. 

Cast-iron obtained in this way is still very impure ; it may be 
purified from the slag which it contains mechanically by re-melting 
with a suitable flux. Even then it contains small. quantities of 
sulphur, phosphorus, and of silicon reduced from the slag, as well 
as up to four per cent. of carbon, partly as graphite and partly in 
chemical combination with the iron. Two varieties of cast-iron 
are distinguished—viz. wiite cast-iron and grey cast-iron. The 
former is generally produced when the temperature of the furnace 
is low, and when the metal is rapidly cooled. It contains nearly 
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the whole of its carbon combined with the iron, is sılver white 
in colour, whiter than pure iron, and with a lamellar, crystalline 
fracture. The latter variety—grey cast-iron—is produced with 
a high temperature and slow cooling, and contains most of its 
carbon in the state of graphite. Grey cast-iron is darker in colour 
than white iron, and has a granular crystalline fracture. Moftled 
cast-iron is an intermediate variety between these two forms. 
When cast-iron is dissolved in dilute hydrochloric acid, the carbon 
present as graphite remains behind, while that in chemical com- 
bination with the iron combines with the nascent hydrogen and 
forms volatile hydrocarbons. Sipregeleisen and ferro-manganese are 
varieties of cast-iron containing manganese, and are largely used 
for the manufacture of steel. 

Cast-iron melts at a lower temperature than any other form of 
the metal, but is brittle, and cannot be worked up into any shape. 
It is, therefore, only used for those articles which can be cast in 
moulds. But as the percentage of carbon diminishes the malle- 
ability increases, and the iron becomes more difficultly fusible. 
Iron containing the smallest quantity of carbon (not more than 
0°5 per cent.) is called wrowght-iron, while intermediate between 
wrought- and cast-iron are the various kinds of s/ee. In order, 
therefore, to convert cast-iron into wrought-iron it is necessary to 
abstract the greater part of the carbon which it contains. This is 
done by two processes, both depending on the same principle, 
called Zudaling and fining. In the former process, which is most 
generally used in England, the crude pig-iron is melted with slags 
rich in ferric oxide on the hearth ofa reverberatory furnace with side 
openings. A considerable quantity of its silicon and carbon is re- 
moved by contact with the hot air blowing over it, and by the oxy- 
gen of the slag. Long iron bars are then inserted by the workmen 
at the side doors, and the molten metal stirred and worked up so 
as to expose it still further to the oxidizing action of theair. As 
the process goes on, the iron gradually becomes more difficultly 
fusible, and at last forms a tough mass, in which state it is removed 
from the furnace and hammered to remove the fusible slag which 
it still contains. It is then further hammered or rolled into bars 
or plates. 

In the process of fining, the cast-iron is first melted on a hearth, 
and then a blast of air blown through it from several tuyeres. A 
portion of the iron is oxidized to the magnetic oxide, and nearly 
the whole of the carbon and silicon is removed. After the mass 
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has become pasty it is worked, like puddled iron, by hammering 
and rolling. 

Wrought-iron prepared in either of these ways is never quite 
free from carbon, but only contains from o'I to 0'5 per cent. Traces 
of silicon are also usually present, and, what is of more importance, 
traces of sulphur and phosphorus. Iron containing even a small 
quantity of sulphur is brittle when hot, or is said to. be red-short, 
while that containing phosphorus to the extent of more than a half 
per cent. is brittle when cold, or, as it is said, is co/d-short. 

Wrought-iron has a pale grey colour, is very tenacious, ductile, 
and malleable. Itsspecific gravity isabout 7'8. Atared-heat it be- 
comes pasty, and can then be readily welded together and fashioned 
into various shapes. The smith, when he wishes to weld together 
two pieces of iron, makes them both red-hot in the forge, sprinkles 
them with sand, and then unites them into one solid piece by 
hammering. Withoutthe addition of sand or some such substance 
(borax), the two surfaces of iron would be unable to unite with one 
another, because of the layer of oxide with which they become 
coated when heated. The silica of the sand combines with the 
iron oxide, forming an easily fusible slag, which is removed by 
hammering, leaving the two surfaces of bare metal, which unite 
together under the pressure of the blows. 

Wrought-iron, during its process of manufacture, acquires a 
fibrous structure, which greatly increases its resistance to breaking 
or tearing. And ıt is because of this property that wrought-iron is 
used for so many purposes for which brittle cast-iron, with its 
crystalline, granular structure, is unsuitable. An axle of a wheel, 
for example, if made of cast-iron, would break after a few turns on 
arough road, but one of wrought-iron stands for years ; and if it 
occasionally happens that an axle of a railway carriage breaks, it 
is always found that the fibrous wrought-iron has gradually become 
granular and crystalline by the long-continued vibrations. 

Steel is a modification of iron intermediate between cast- and 
wrought-iron both in its properties and composition, as far as carbon 
isconcerned. Steel contains about I'o per cent. of combined carbon; 
it unites the hardness and fusibility of cast-iron with the ductility 
and malleability of wrought-iron. Steel can be produced either 
from wrought- or cast-iron. "The old, and up to twenty-five years 
ago the only known, method of obtaining steel was from wrought- 
iron, by imbedding bars of the metal in charcoal-powder contained 
in closed iron boxes, and then heating to bright redness for about 
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a week. By this process carbon is gradually taken up by the iron 
in some unknown manner, and the latter becomes completely con- 
verted into steel. The process is called cementation, and the product 
cement-steel. Cement-steel can be rendered more uniform in struc- 
ture by working under the hammer at a red-heat, or by fusing and 
casting into blocks. It then forms what is called cas/-steel. 

Steel. can now be much more economically obtained directly 
from cast-iron. Two processes are chiefly employed to effect this 
change—known as the Bessemer and Siemens-Martin processes 
respectively. In the Dessemer process five to ten tons of cast-iron 
are fused and poured into the converter—a large egg-shaped vessel 
lined with fire-clay, with a narrow mouth and with an opening at 
the base through which air can be blown. A current of air is then 
blown through the molten metal, which oxidizes nearly the whole of 
the carbon and silicon. As soon as this point is reached the blast 
is stopped, a small quantity of spiegeleisen is added to impart car- 
bon and manganese, and the metal at once run into moulds. The 
cast-iron employed to manufacture Bessemer steel must be free 
from sulphur and phosphorus if a converter with the usual lining 
of siliceous fire-clay is used, as these impurities are not removed 
during the process. It has, however, been recently discovered that 
if the lining of the converter contains free lime, this substance 
unites with the sulphur and phosphorus and a steel free from these 
impurities is obtained, even when an impure cast-iron is used. Steel 
is also made from cast-iron by the Szemens- Martin process, which 
consists in fusing cast-iron in a specially constructed furnace, and 
adding wrought-iron to it until the requisite composition has been 
obtained. Some spiegeleisen is then added as in the Bessemer 
process, and the steel cast into moulds. 

Steel is of a pale grey colour and takesa high polish. Itis more 
easily fusible than wrought-iron, and its structure is finely granular, 
not fibrous, in consequence of which it is more brittle than wrought- 
iron. Steel is especially distinguished from wrought-iron by its 
hardness, which it especially acquires when heated to redness and 
rapidly cooled in water; it is then also exceedingly brittle and 
highly elastic. Glass-hard steel—i.e. steel hardened in this way, 
has but few uses ; in order to adapt the steel to the wants of daily 
life it must be toughened or Zempered. This is done by again 
heating and again rapidly cooling, and the higher the temperature 
of the second heating up to a certain limit, the tougher and less 
hard the steel. If the steel is polished it gradually becomes 
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covered with a thin coating of oxide, the colour of which varies 
from a pale yellow to a dark blue, according to the temperature 
(240° to 300°) to which it has been heated. Cutting tools of variou 
kinds are tempered in this way according to the purpose for which 
they are to be used. The specific gravity of steel is less after 
hardening (7°6) than it is before (78). 

The preparation of chemically pure iron in the compact state is 
exceedingly diffcult, if not impossible. If pure iron is fused in a 
crucible of gas-carbon it combines with some of the carbon ; if 
in one of porcelain, it reduces small quantities of silicon and 
aluminium with which it unites chemically ; and approximatel 
pure iron can only be obtained by fusing in a lime crucible with 
the oxy-hydrogen blowpipe. Pure iron in the form of a powder 
may be obtained by reducing pure ferric oxide or ferrous chloride 
in a stream of hydrogen. It then remains as a daık grey powde 
(reduced iron), which is so finely divided that it takes fire in the ai 
when it has not been strongly heated in the stream of hydrogen. 

Iron in all its forms is strongly attracted by the magnet: we 
say it is magnetic. Its property in this respect far exceeds that of 
any substance, and is only feebly approached by the magnetic 
power of the metals nickel and cobalt. Soft iron becomes mag 
netic when brought near a magnet, but loses its magnetism as soon 
as the magnet is removed. Steel, on the other hand, does not so 
readily become magnetised, but retains its magnetism for some 
time. Artificia! magnets are made of straight or curved steel bars 
A steel magnet gradually loses its magnetism when warmed, but 
partially regains it on cooling. If, however, the magnet is heated 
to redness it permanently loses its magnetism. 


Notwithstanding the strong attraction of iron for oxygen, the 
metal remains unchanged in dry air and oxygen, but moist air 
and especially water containing dissolved air, gradually oxidizes It 
— we say, the iron rusts. A drop of water placed on a polished 
strip ofiron and allowed to evaporate leaves behind a dull reddish 
stain of oxide—ron-rust. This rust is not theoxidebut the hydrate, 
and is produced by the simultaneous action of the oxygen and the 
water. Ferric hydrate produced in this way can unite chemically 
with ammonia ; hence it follows that iron-rust which has been lon r 
exposed to the air gives offammonia when heated. j 

Many metals which, like zinc, rust in the air, are protected from 
further oxidation by the compact layer of oxide which is first pro- 
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iduced. But in the case of iron the layer of rust is less compact, 
sand the process goes on, comparatively quickly, until the whole of 
Üths metal is oxidized. For this reason sheet iron cannot be used to 
sprotect the roofs of houses, but zinc or lead must be employed 
instead. Iron may be protected from rusting by coating it with a 
layer of some metal which oxidizes slowly in the air, such as tin 
‚(Kin-plate), zinc (galvanized iron), orlead (ferne-plate). "The process 
in all cases consists in dipping the clean iron plates into the molten 
ıınetal, and has nothing to do with electricity. Recently a process 
ıhas been introduced of rendering iron articles proof against rust 
“by coating them with a layer of the magnetic oxide. For this pur- 
„pose, the articles are heated to redness in acurrent of steam, a por- 
‚tion of which oxidizes the surface of the iron while hydrogen is set 
"free. It has also been found that iron does not rust in water which 
ıhas been made feebly alkaline by sodium carbonate. 


Iron is the most valuable of all metals ; it is more valuable than 
gold, because its properties in its varied forms as cast-iron, wrought- 
iron, and steel, make it applicable to so many useful purposes for 
which no other metal can be used. And it has been well said that 
without iron there would be no civilization. The metal would be 
still more valuable if some simple means were known by which it 
coull be converted into a passive state, so that, like platinum, it 
should remain unchanged in the air and in water containing air. 
"Such a discovery would completely revolutionize many branches of 
industry. We can, in fact, actually produce this change in the 
properties of the metal. A rod of iron dipped into red fuming 
"nitric acid becomes thus Jasszwe, and now no longer dissolves in 
»ordinary nitricacid, nor rustsintheair. Butiftouched or scratched 
"with a piece of ordinary iron it loses these peculiar properties at 
»once. "The problem of how to make this passive state permanent 
"remains as yet unsolved. 

At a red-heat iron is more rapidly oxidized than by moist air at 
"the ordinary temperature. A red-hot rod of iron becomes covered 
"with a coating of oxide, which falls off when the iron is hammered 
sonthe anvil by the smith. This scale, as it is called, consists 
©essentially of the magnetic oxide: Fe,O,, and forms black, dull 
»scales when cold. The particles of iron which fly off and burn as 
‘sparks when a flint and steel are struck together, also form the 
‘same oxide, and the fused nodules produced when steel burns in 
»oxygen (p. 14) have the same composition. 
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Red-hot iron absorbs considerable quantities of carbonic oxide, 
which it parts with to the air when in contact with it. This 
happens, for example, when iron stoves are heated to redness. 
And the injurious action of such stoves when too strongly heated is 
largely due to the carbonic oxide which then diffuses into the air 
of the room. 

The zron filings produced by the mechanic in working up iron 
articles are largely used for a number of purposes, owing to the 
larger surface which they expose to the action of various liquids 
than larger pieces of the metal. Many compounds of iron are 
prepared from them, and considerable quantities are employed for 
the commercial reduction of nitrobenzol to aniline in the presence 
of acetic acid. Iron in the state of a fine powder (reduced iron) is 
produced, as previously stated, by reducing ferric oxide in astream 
of hydrogen. 

Iron is attacked and dissolved by nearly all acids; dilute 
sulphuric, hydrochloric, or acetic acid dissolve it, with evolution of 
hydrogen, producing ferrous sulphate, chloride, or acetate respec- 
tively. Ordinary concentrated nitric acid dissolves iron, with the 
formation of ferric nitrate and lower oxides of nitrogen. Very 
dilute nitric acid dissolves it, like sulphuric acid ; the hydrogen 
which is produced by the decomposition of the water is not, how- 
ever, set free, but in its nascent state gradually reduces some of the 
nitric acid to ammonia. That the solution contains ammonium 
nitrate as well as ferrous nitrate, may be readily proved by the 
ammonia evolved when it is mixed with caustic soda. 


Iron occurs in nearly all its compounds as a dyad and triad 
(or tetrad) element. Itisa dyad in the fervous compounds, ferrous 
oxide: FeO, ferrous chloride : FeCl,, &c., and a triad (or tetrad) 
n the ferrie compounds — ferric oxide: Fe,O,, ferric chloride : 
Fe,Cl,, &c. Ferrous oxide and ferric oxide both possess basic 
properties ; the latter, like all sesquioxides, is a weak base—weaker 
than ferrous oxide. It is, however, more stable than ferrous oxide, 
as itis not changed by the oxygen of the air. A third oxide of 
iron is also known, containing more oxygen than ferric oxide, and 
having the properties of an acid. This jerrie acid, probably 
FeO,(OH),, appears only to exist in union with strong bases, and 
probably contains hexad iron, like sulphuric acid contains hexad 
sulphur. 


3 
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Ferrous Ozide: FeO.—On account of the strong attraction of 
“this compound for oxygen it is difficult to prepare, and has never 
been obtained pure. It is produced, with some metallic iron, when 
ferrous oxalate is gently heated without access of air, or asa 
black, glistening powder when the mixture of carbonic oxide and 
carbonic acid obtained by heating oxalic acid with sulphuric acid 
(p. 295) is led over hot ferric oxide. The substance so obtained 
easily dissolves in hydrochlorie or nitric acid, without evolving 
hydrogen, and when heated in the air is first oxidized to the mag- 
netic oxide, and then to ferric oxide. 


Ferrous Hydrate: Fe(OÖH),, is obtained as a white precipitate 
on mixing solutions of ferrous sulphate and caustic soda both free 
from air. In consequence of the readiness with which it attracts 
oxygen from the air, the white precipitate rapidly becomes green, 
and finally yields a brown mass of ferrichydrate. Ferrous hydrate 
dissolves in salts of ammonium, and is, therefore, not precipitated 


by ammonia from a solution to which ammonium chloride has been 
added. 


Ferrous Sulphate, Green Vitriol: SO,-O,Fe+7H,0.— This, 
the best known salt of iron, and that from which most of the other 
salts are prepared, is obtained by dissolving iron in dilute sulphuric 
acid :— 

Fe + SO, (OH, = SO,0,Fe + H, 


or, as abye-product in making sulphuretted hydrogen, when ferrous 
sulphide is dissolved in the same acid :— 


FeS + SO,(OH), = SO,0,Fe + H.S. 


It is also produced by gently roasting iron pyrites in the air, 
whena portion of the sulphur burns to sulphurous acid, and another 
portion is oxidized to sulphuric acid, which unites with the iron to 
form ferrous sulphate. Some varieties of pyrites—e.g. marcasite 
— are oxidized at the ordinary temperature when moistened with 
water and exposed to the air, and the decomposed mass yields a 
green solution of ferrous sulphate when treated with water. 

The salt separates from its solution in bluish green crystals with 
7 molecules of water ; it is easily soluble in water, especially hot. 
It readily loses 6 molecules of water when heated, but the seventh 
molecule, the water of constitution (p. 86), is only expelled at about 
300°, with a partial decomposition ofthe salt. The anhydrous salt 
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is white, but it regains its green colour when treated with water. I 
heated to redness, the anhydrous salt decomposes into ferric oxid 
and sulphurous and sulphuric anhydrides (p. 164). 

Both solid ferrous sulphate and its solution are partly oxidized 
when exposed to the air, with the formation of basic ferric sulphate 
of areddish colour ; and when crystals of the substance which 
have been exposed to the air are dissolved in water, this insoluble 
basic salt remains undissolved :— 


650,-0,Fe” + 30 + 3H,O = 2(S0,),0,Fe,’ + 2Fe”’(OH),. 


Ferrous sulphate unites with the sulphates of the alkalies’ 
(potassium and ammonium), and forms double sulphates containing 
6 molecules of water—e.g. SO,-O,Fe +SO,(OK), +6aq., corre- 
sponding to the magnesium compound (p. 415). These double 
sulphates oxidize less readily than ferrous sulphate itself. The 
‚salt is an important article of commerce, and is employed for the 
preparation of ferric acetate (used in dyeing), to produce a black 
colour with galls (writing ink), a blue colour with potassium ferro- 
cyanide (Prussian blue), and in the preparation of indigo solutions. 
It is also used as a disinfectant, especially to preserve wood from 
decay. 


Ferrous Carbonate : CO:-O,Fe.—This compound is found in 
nature as spathic iron ore or siderite, sometimes crystallized in 
rhombohedra which are isomorphous with calcite, but usually in 
compact amorphous masses. Mixed with clay it forms day iran- 
stone—one of the most important of the English ores of iron. The 
salt is obtained as a voluminous white precipitate on mixing a 
solution of ferrous sulphate with one of sodium carbonate. This 
white precipitate gradually absorbs oxygen from the airand changes 
colour, becoming first of a dirty green and then of a brown colour, 
and is finally completely converted into ferric hydrate, while car- 
bonic acid is set free—no carbonate containing iron in the ferric 
state is known. Ifthe moist precipitate is rubbed up with sugar, 
it is somewhat protected from the action of the air, and a brownish 
mass is obtained which is used in medicine under the name of ferrz 
carbonas saccharata. 

Like calcium carbonate and other carbonates, ferrous carbonate, 
though insoluble in pure water, dissolves in water containing car- 
bonicacid. Mineral springs containing ferrous carbonate dissolved 
in carbonic acid are called chalybeate springs. The water has a 
bitter, inky taste, and when exposed to the a'r becomes turbid from 
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‚ferric hydrate. The dissolved ferrous carbonate is decomposed by 
the oxygen of the air into ferric hydrate and carbonic acid :— 


2C0O.0,Fe” + O + 3H,0 = 2Fe”(OH), + 2CO.. 


) 
Ferrous Phosphate : Er f O,Fe,+8H,O, is found in nature as 


the mineral wiwzanzte, sometimes crystalline, but usually as an 
earthy powder of a dull blue colour. The compound is precipitated 
when a solution of sodium phosphate is added to one of ferrous 
sulphate, and is used in medicine. It is at first white, but becomes 
blue or green by partial oxidation. By heating iron with phosphoric 
acid, a solution is obtained which after some time deposits colour- 


(O,Fe 
\OH + H,O. 


less needles of the composition: PO 

Ferrie Oxide: Fe,0,— This compound occurs in immense 
quantities in the mineral kingdom, either in lustrous crystals 
belonging to the hexagonal system—specular iron, or more com- 
monly in amorphous masses, with or without water, asthe important ' 
iron ores included under the name of A@matite. It may be ob- 
tained artificially in the crystalline state by strongly glowing a 
inixture of dry ferrous sulphate and common salt, or in the amor- 
phous state by heating dry ferrous sulphate or ferric hydrate. The 
red amorphous powder obtained by either of the last-named 
methods is used for polishing and as a pigment, and is known as 
colcothar, caput mortuum, or rouge. A fine variety of rouge is 
obtained by glowing ferrous oxalate in the air. Ferric oxide is 
completely insoluble in water, and after heating to redness only 
dissolves in acids with difficulty. 


Ferrie Hydrate: Fe(OÖH),, is thrown down as a red-brown 
flocculent precipitate when ammonia is added toa solution of a 
ferric salt. When washeci with water and dried, it forms a brown 
amorphous mass, insoluble in water. Some important ores of 
iron,and the rust which forms when iron is exposed to the air, con- 
sist essentially of ferric hydrate. 

Freshly precipitated ferric hydrate dissolves not only in acids, 
but also in a solution of ferrie chloride, producing a dark red solu- 
tion. If this solution of basic chloride is placed in a vessel of 
which the bottom’is closed with a piece of parchment paper and 
then floated on water, hydrochloric acid diffuses through, and there 


remains in the dialyzer a solution of colloid ferric hydrate as a 
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blood-red liquid (dialyzed iron). The addition of a small quantity 
of sulphuric acid, or of an alkali or salt, at once causes the precipi- 
tation of the ferric hydrate from this solution as a gelatinous mass. 

The use of ferric hydrate as an antidote in cases of poisoning by 
arsenic has been already referred to (p. 236). 


Like alumina, ferric oxide is a weak base, and its soluble salts 
can only be crystallized with difficulty. Thenormal salts are white 
or yellowish when anhydrous, red when hydrated ; the basıc salts 
are yellow or red. 


Ferric Sulphate:: (SO,),O,Fe,— This salt is produced by 
oxidizing a solution of ferrous sulphate with nitric acid, with the 
addition of the one molecule of sulphuric acid which one molecule 
of ferric sulphate contains more than two molecules of ferrous 
sulphate :— 


250,-0,Fe’” + SO,(OH), + O0 = (S0,),0,Fe/” + H,O. 


When the nitric acid is dropped into the hot solution of ferrous 
sulphate and sulphuric acid, the liquid first becomes dark brown 
and.nearly black from the compound of ferrous sulphate with the 
nitric oxide produced by the reduction of the nitric acid (p. 194), 
until, when sufficient nitric acid has been added, the whole of the 





b 


nitric oxide is evolved with effervescence, and the dark-red liquid 


now contains ferric sulphate. If no sulphuric acid is added to the 
ferrous sulphate, a larger quantity of nitric acid is required, and 
the solution then contains a mixture of ferric sulphate and ferric 
nitrate. 

On evaporating the aqueous solution of the salt, ferric sulphate 
remains as a white amorphous powder, which attracts water from 
the air, and deliquesces to a dark red liquid, with a bitter astringent 
taste. An excess of ammonia when added to its aqueous solution 
precipitates ferric hydrate, but if less ammonia is added than is 
required to completely decompose it,a brown precipitate of a basic 
salt is produced. The oxidation of ferrous sulphate in the air 
produces a similar compound (p. 446). 

A solution of ferric sulphate, when mixed with one of the potas- 
sium sulphates and the mixed solution allowed to evaporate slowly, 
deposits yellowish erystals of Zofash-iron alum.' "The correspond- 


i i 1 ia-ir lum: S0,)O,Fe 
ing ammonium compound—ammonia-iron alum: GG, ;ONH, 
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1ı2H,0, crystallizes more readily. The crystals are usually of a 
violet colour, possibly due to organic compounds contained in the 
ammonia. 


Ferric Nibate: (NO,),O,Fe, is prepared by dissolving iron 
in moderately concentrated nitric acid. Fromthe red solution so 
obtained, the salt can only be crystallized with dificulty. The 
solid compound deliquesces in the air. 


Ferric Phosphate (Orthophosphate): (PO)O,Fe, is obtaine 
as a yellow amorphous precipitate when ferric chloride is mixed 
with sodium phosphate. Itis insoluble in water and acetic acid, 
but dissolves in strong inorganic acids. 


Ferric Pyrophosphate closely resembles the preceding salt, and 
is insoluble both in water and acetic acid, but forms a soluble com- 
pound with sodium phosphate or pyrophosphate. The soluble 
double pyrophosphate is prepared by adding sodium pyrophosphate 
to the ferric salt until it is just dissolved ; from this solution alcohol 
precipitates the double salt. Its aqueous solution is colourless, and 
does not possess the strong astringent taste of the other soluble 
ferric salts. It is used in medicine. 


Ferric carbonate does not appear to exist. Ferric oxide is too 
weak a base to unite with carbonic acid. On adding a solution of 
sodium carbonate to one of ferric chloride, a brown precipitate of 
ferric hydrate is produced, and the carbonic acid which is set free 
partly unites with the excess of sodium carbonate to form the acid 
carbonate. 


Triferric Tetroxzide, Magnetic Oxide of Iron: Fe,O,= 
Fe’O, Fe,”’O,— This oxide is found in nature as black, well- 
developed, regular octahedra, especially in chlorite rocks. It further 
öccurs as crystalline masses, and more largely in rough granular 
deposits. Magnetic oxide of iron, so called because pieces of it 
sometimes form natural magnets, is one of the most valuable ores 
of iron. Small lustrous octahedra of the oxide may be obtained 
artiticially by heating bright iron wire to redness in a porcelain 
tube, and leading a current of steam over it. The water is then 
decomposed according to the equation :— 


3Fe + 4H,O° = Fe0, + 4H, 
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Magnetic oxide of iron is soluble in hydrochloric acid, but the 
solution does not then contain a chloride corresponding to the 
oxide, but a mixture of ferric and ferrous chlorides. If ammonia 
is gradually added to this solution, a precipitate of ferric hydrate 
is first formed, and then one of ferrous hydrate. But if the solu- 
tion is poured, with stirring, into an excess of ammonia, a dark- 
green precipitate is produced, which becomes black and granular 
when boiled. This is the hydrate of the magnetic oxide, and re- 
mains unchanged in the air. The same compound may also be 
obtained by converting two-thirds of a solution of ferrous chloride 
into ferric chloride by passing chlorine, then mixing this, when 
the excess of chlorine has been driven off, with the other third of 
the solution of ferrous chloride, and finally pouring the mixed solu- 
tion into an excess of ammonia and boiling. 


Ferric Acid.—The free acid, which would have the composi- 
tion : Fer!O,(OH),, has not yet been prepared ; its potassium salt, 
potassium ferrate: FeO,(OK),, is obtained by heating a mixture 
of reduced iron with twice its weight of potassium nitrate. The 
oxidation of the iron takes place with a considerable evolution of 
heat, and on extracting the cold mass with water the potassium 
ferrate dissolves with a red colour. On evaporating this solution 
in a vacuum, dark-red crystals are deposited. The salt may also 
be obtained by passing chlorine through concentrated cooled 
caustic potash containing freshly precipitated ferric hydrate in 
suspension :— 


Fe(OH), + 5KOH + 3Cl = FeO,(OK), + 3KCI + 4H,0. 


Iron forms two compounds with each of the halogens—chlorine, 
bromine, and iodine—corresponding to ferrous and ferric oxide 
respectively. 


Ferrous Chloride : FeCl,.— The anhydrous compound is ob- 
tained by heating iron wire in a stream of hydrochloric acid gas, 
when it sublimes at a high temperature in white, glistening iri- 
descent crystals which feel soft and talc-like to the touch. It 
melts at a red-heat, and then solidifies to a crystalline mass. It is 
easily soluble in water, and on evaporating the aqueous solution 
without access of air, green crystals of the compound : FeCl, + 
4H,O separate out. The same compound may be obtained by 
dissolving iron in hydrochloric acid and evaporating down. A 
solution of ferrous chloride, when exposed to the air, is gradually 
oxidized to basic ferric chloride. 
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Ferric Chloride : Fe,Cl,.—Although ferrous chloride readily 
unites with a further quantity of chlorine, an atom of iron can 
never decompose more than two molecules of hydrochloric acid. 
And when iron is dissolved in the acid, ferrous chloride is always 
produced, never ferric chloride. Anhydrous ferric chloride may 
be obtained by heating iron in dry chlorine, and then sublimes in 
nearly black, lustrous, crystalline plates. It is far more volatile, 
and therefore sublimes much more easily than ferrous chloride. 
When exposed to the air it becomes yellow, and deliquesces, 
forming a yellow or reddish solution ; it is also soluble in alcohol 
and ether, and is even abstracted from its aqueous solution when 
shaken with ether. The aqueous solution, which is also obtained 
by dissolving iron in aqua regia, or by passing chlorine through a 
solution of ferrous chloride, deposits reddish, deliquescent crystals 
of the compound : Fe,Cl,+ 12H,O, when evaporated to a syrup. 
This compound, when heated, decomposes into water and hydro- 
chloric acid, which pass off with some anhydrous ferric chloride, 
while ferric oxide remains behind. An aqueous solution of ferric 
chloride can dissolve freshly precipitated ferric hydrate in con- 
siderable quantities, producing a dark-red liquid, from which ferric 
hydrate is again precipitated on diluting with water and heating. 

Ferric chloride unites with the chlorides of potassium and 
ammonium to form double salts, which are deposited in bright-red 
erystals of the composition : Fe,Cl,+4KCl1+2H,O and Fe,Cl, + 
4NH,CI1+2H,O, when the mixed solutions are evaporated down. 


The dromides of iron closely resemble the chlorides, 


Ferrous Iodide: Fel,— This compound is obtained by heating 
iron filings with iodine in a porcelain crucible. A small quantity 
of iodine is first added, then an excess, and the heating continued 
as long as vapours of iodine are evolved. The salt then remains 
as a dark green lamellar mass, easily solub'’e in water. An 
aqueous solution of ferrous iodide may also be obtained by digest- 
ing iron filings with water and iodine—the iron being in excess. 
On evaporating this solution, crystals of the composition : Fel,+ 
4H,O, are deposited. This solution dissolves more iodine when 
digested with it, and the dark-red solution so produced probably 
contains ferric iodide: Fe,l,, which has not yet been obtained in 
the solid form. 


The compounds of iron with sulphur do not exactly correspond 


662 
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with its oxides. A sesquisulphide of the composition : Fe,S,, and 
corresponding to ferric oxide, is not yet known for certain. On 
the other hand, the sulphide most widely distributed in nature is 
the disulphide : FeS,, to which no corresponding oxide is known. - 





{ 
Ferrous Sulphide: FeS, is prepared as a black crystalline j 
mass, by heating three parts of iron filings with nearly two parts 
of flowers of sulphur. If an excess of sulphur is employed, no H 
compound richer in sulphur is obtained, but the excess is volatilized. 
Iron and sulphur unite together even at ordinary temperatures 
if the finely powdered mixture is moistened with water. When 
larger quantities are used the heat of combination is often sufh- 
cient to violently expel a portion of the mixture from the vessel 
in which the reaction takes place. | 
Ferrous sulphide is insoluble in water, but is decomposed by 
acids. With hydrochlorie or dilute sulphuric acid it yields con- 
siderable quantities of sulphuretted hydrogen, and is therefore 
largely used to prepare this gas. | 


Ferrie Disulphide : FeS,.— This compound is widely distri- 
buted in the mineral kingdom, either in bright yellow crystalline 
masses, or in well-developed lustrous cubes, and other forms 
belonging to the regular system. In these forms it is known as 
zron-pyrites. lt may also be prepared in the form of a yellow 
powder by gently heating powdered ferrous sulphide with about its 
own weight of sulphur, until the excess of this latter substance is 
expelled. Iron-pyrites is so hard that it strikes sparks with steel ; 
unlike ferrous sulphide, it is not attacked by dilute acids, and is not 
therefore adapted for the preparation of sulphuretted hydrogen. 
\When heated strongly it parts with some of its sulphur, leaving 
compounds of ferrous sulphide with more or less sulphur, accord- 
ing to the degree and duration of the heating. If iron-pyrites 
is heated in the air, a large portion of the sulphur is oxidized to 
sulphurous anhydride, and for this reason immense quantities of 
pyrites are employed in the manufacture of sulphuric acid. Many 
kinds of iron-pyrites contain small quantities of copper-pyrites, 
and traces of the noble metals, and the residues of these pyrites 
after roasting are often worked for copper and the other metals. 

Besides iron-pyrites, which crystallizes in the regular system, a 
second modification of ferric disulphide is known, the cerystals of 
which belong to the rhombic system, and which is distinguished 


Er 
“ 


Compounds of Iron and Cyanogen. 453 


‚from iron-pyrites by the readiness and rapidity with which it oxidizes 


when exposed to moist air—evolving at the same time a consider- 
able amount of heat, This variety of pyrites is called marcaszte ; 
and the, chief product of its oxidation is ferrous sulphate, which is 
obtained in considerable quantities from it. 

A third sulphide of iron is also found in nature, which contains 
less sulphur than iron-pyrites, and not unfrequently has the com- 
position : Fe,S,, or, if considered as a compound of ferrous sul- 


-phide and iron-pyrites : 6FeS,FeS,. This bronze-coloured mineral 


is known as magnetic pyrites, because it is attracted by the magnet. 
It crystallizes in the hexagonal system. 


COMPOUNDS OF IRON AND CYANOGEN. 

Although the compounds of iron with cyanogen corresponding 
to ferrous and ferric chlorides have not yet been prepared pure, 
the double salts which ferrous and ferric cyanide yield with the 
cyanides of other metals are among the best known and most 
stable of chemical compounds. Various views are held as to the 
chemical constitution of these substances, but in the present state 
of our knowledge it is perhaps best to write their formula em- 
pirically, without entering into the question of their constitution. 
The best known of these, and that from which all the others are 
prepared, is 


Potassium Ferrocyanide: K,Fe’Cy,+3H,0 =4KCy, Fe’Cy, 
+ 3H,0.— This compound, known in trade as yellow prussiate of 
Potash, or simply as yellow Prussiate, crystallizes from its aqueous 
solution in large, pale-yellow, quadratic plates, which are soft, 
and therefore difficult to powder. Heated to 100°or.a little above, 
it loses its water of crystallization, and then becomes white and 
brittle, so that it can be easily pulverized. It is soluble in water, 
but insoluble in alcohol ; 100 parts of water dissolve 25 parts at 
the ordinary temperature and 50 parts at the boiling-point, 

Potassium ferrocyanide is obtained from potassium cyanide—a 
salt which is extremely poisonous, and which is readily decom- 
posed by dilute acids. From this it might be expected that the 
ferrocyanide would also be poısonous, but experiment has proved 
that considerable quantities may be taken internally without any in- 
Jurious or even unpleasant effects. \hen taken into the system it 
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soon gets into the blood, and in a short time can be detected in the’ 
urine, in which it is expelled unchanged from the body. 

The salt is readily obtained from potassium cyanide by digest- 
ing an aqueous solution with iron filings or powdered ferrous 
sulphide. In the former case, caustic potash and hydrogen are 
also produced ; in the latter potassium sulphide :— 





6KCy + Fe + 2H,O 


I 


K,FeCy, + 2KOH + H, 


et 2 Ze 


and 
6KCy + FeS = K,Felcy, + Ks. 


The same process goes on in the manufacture of potassium 
ferrocyanide ona large scale, except that instead of using potassium 
cyanide itself materials are employed which, when heated with 
potassium carbonate, produce this substance. For this purpose, 
organic compounds rich in nitrogen, such as blood, horn, hair, 
leather, are mixed with potash and iron filings, and fused at a red 
heat. During the process the carbon and nitrogen of the organic 
substances unite with the potassium and form potassium cyanide ; 
and when the fused mass is afterwards extracted with water this 
substance acts upon the iron, which has been partly converted into 
ferrous sulphide by the sulphur of the crude materials, in the 
manner explained above. The salt which separates out on evapo- 
ration is purified by recrystallization ; it often contains potassium 
sulphate. 

Potassium ferrocyanide is not acted upon by carbonic acid nor 
even by dilute acids, and the potassium cyanide in combination 
with the ferrous cyanide has, therefore, acquired other properties, 
and has become more stable. The iron, too, has lost many of the 
properties which are possessed by the ferrous salts ; ammonia does 
not precipitate ferrous hydrate, nor does ammonium sulphide 
throw down ferrous sulphide. And that potassium ferrocyanide is 
not an ordinary double salt of 4 molecules of potassium cyanide 
and ı molecule of ferrous cyanide is proved by the fact that it is 
not decomposed by dilute acids like other true double cyanides. 
The double cyanide of nickel and potassium : 2KCy,NiCy,, a 
compound soluble in water, at once gives a precipitate of nickel 
cyanide with dilute hydrochloric acid, while the potassium cyanide 
is decomposed into potassium chloride and hydrocyanic acid. But 
no ferrous cyanide is separated by hydrochloric acid from the 
apparently analogous compound potassium ferrocyanide. 
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Many attempts have been made to explain this peculiar be- 
haviour of potassium ferrocyanides and other similar compounds, 
but as yet without success. That potassium ferrocyanide when 
heated ‚with sulphuric acid leaves a compound containing ı mole- 
cule of ferrous cyanide and ı molecule of potassium cyanide, 
seems to prove that one of the four molecules of potassium 
cyanide in the ferrocyanide is more firmly combined than the other 
three. 

An aqueous solution of potassium ferrocyanide is decomposed 
by strong acids (hydrochloric or sulphuric acid), with the forma- 
tion of hydroferrocyanic acid: H,FeCy,, and the potassium salt of 
the acid employed. If finely powdered potassium ferrocyanide is 
/heated with dilute sulphuric acid, hydrocyanic acidisevolved(p. 313), 
and there remains potassium sulphate with the compound we have 
just mentioned : KCy,FeCy,. This is a white substance, turning 
blueintheair. Potassium ferrocyanide, when powdered and heated 
with concentrated sulphuric acid, undergoes a further decomposi- 
tion. There are produced ferrous, potassium, and ammonium 
sulphates with the evolution of a gas which consists chiefly of car- 
bonic oxide. But since traces of other gases are mixed with the 
carbonic oxide, this method is not suitable for preparing the pure 
substance. 

When heated in an iron crucible, potassium ferrocyanide 
is decomposed into iron carbide and potassium cyanide (p. 359). 
Fused with manganese peroxide or red-lead, potassium cyanate 
and ferric oxide are produced (p. 361). And when mixed with 
potassium carbonate and sulphur and fused, potassium sulpho- 
cyanate results (p. 361). If chlorine is led through a solution o/ 
potassium ferrocyanide, the iron is oxidized to the ferric state and 
some of the potassium converted into chloride, producing a com- 
pound called potassium ferricyanide: K,Fe”’Cy,=3KCy,Fe’”’Cy, 
(P- 457). 

Potassium ferrocyanide, like all other soluble ferrocyanides, is 
distinguished by its reactions with ferric chloride and soluble 
copper salts. When highly diluted it gives with the former a dark 
blue precipitate of Prussian blue, and with the latter a chocolate 
brown precipitate of copper ferrocyanide. With a soluble lead 
salt a solution of potassium ferrocyanide gives a white precipitate 
of the corresponding lead salt. The following equations represent 
these reactions :— 
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2K,Fe’Cy, + Fe,”Ch = 6KCI + 21° |Cy„Fe’Cy, 


= 
Prussian blue 
K,FeCy, + 2CuC, = 4KCI + CwFeCy,. 
Copper 
ferrocyanide 
K,FeCy, + 2(NO,),0,Pb = 4NO,-OK + Pb,FeCy,. 
Lead 


ferrocyanide 


The majority of the ferrocyanides are insoluble in water; those 
of the alkalies and alkaline earths are soluble, but that of barium 
only with difficulty. 


Sodium Ferrocyanide: Na,FeCy,+12H,0.—This salt cor- 
responds closely to the potassium compound, except that it contains 
considerably more water of crystallization. It may be obtained 
from a Prussian blue which contains an atom of hydrogen in 
place of potassium in the usual compound, and which is pre- 
cipitated from an acid solution. If this Prussian blue is boiled 
with caustic soda, ferric hydrate and soluble sodium ferrocyanide 
are produced :— 


In Icy,Fecy, + 4NaOH = Fe(OH), + Na,FeCy, + H,O. 


Otker soluble ferrocyanides may be obtained in the same way. 


Ammonium Ferrocyanide: NH,FeCy,+3H,O, cerystallizes in 
bright yellow quadratic prisms, and is isomorphous with the potas- 
sium salt. 


Prussian Blue: He Ey,‚Keby; 


Various dark blue compounds are known under the name of 
Prussian blue, but the commonest insoluble compound has the 
above composition ; it is obtained on adding potassium ferro- 
cyanide to a solution of ferric chloride or some other ferric salt. 
The compound may be considered as potassium ferrocyanide in 
which three atoms of potassium have been displaced by one of 
triad iron. The atom of potassium which it contains may be dis- 
placed by hydrogen without any change in the physical properties 
of the substance. Such a compound may be obtained by precipi- 
tating hydroferrocyanie acid with ferric chloride, or by adding 








Be 
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potassium ferrocyanide to a solution of ferric chloride containing 
free hydrochloric acid. 

Prussian blue can only be washed on the filter with difficulty ; 
when dry it forms a deep blue, hygroscopic powder, which under 
pressure assumes a lustre like copper. It is slightly soluble in 
dilute acids, and when warmed with concentrated acids is decom- 
posed. Oxalic acid dissolves the compound when free from 
potassium, and gives a deep blue liquid, which is used as a blue 
ink. Alkalies and alkaline carbonates and even the alkalies of 
soap decompose it, separating ferric hydrate and reproducing 
potassium ferrocyanide :— 

x | Cy,FeCy, + 3KOH = K,FeCy, + Fe(OH), 
Prussian biue cannot, therefore, be used for dyeing or printing 
articles which are to be washed with soap. 

A variety of Prussian blue, soluble in water to a deep blue 
solution, is obtained when ferric chloride is added to a large 
excess of potassium ferrocyanide. This so/uble Prussian blue is 
probably a compound of ordinary Prussian blue and potassium 
ferrocyanide. 


Hydroferrocyanic Acid: H,FeCy,.— This acid compound is 
obtained as small white crystalline plates when a concentrated 
solution of potassium ferrocyanide free from air is mixed with 
strong hydrochloric acid in the cold :— 


K,FeCy, + 4HCI = 4KCI + H,FeCy.. 


The crystals separate more readily if a littleether is added. They 
are afterwards brought upon a filter and washed with water con- 
taining ether. The compound is soluble in alcohol and in water, 
but is insoluble in hydrochloric acid and ether. It behaves like a 
tetrabasic acid, and when mixed with potassium carbonate again 
produces potassium ferrocyanide. It is rapidly oxidized in the 
air and becomes of a blue colour. 


Potassium Ferricyanide: K,Fe’”’Cy, = 3KCy,Fe’’Cy.— 
This compound, which is known in trade as red prussiate, differs 
from the ferrocyanide by containing its iron in the ferric state, It 
is produced by abstracting potassium from the ferrocyanide, when 
the cyanogen thus set free unites with the iron and changes it 
from the ferrous to the ferric state. This is best done by leading 
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chlorine into a solution of potassium ferrocyanide until a portion 
of the liquid no longer gives a blue precipitate with ferric chlo- 
ride :— 

K,FeCy, + Cl = KCl + K;,FeCy, 


The salt separates out on evaporating its aqueous solution in 
dark-red, lustrous, rhombic prisms, easily soluble in water and in- 
soluble in alcohol. Its aqueous solution is of a dirty green colour 
and decomposes on standing, especially when exposed to sunlight, 
depositing a blue precipitate. The readiness with which it again 
forms potassium ferrocyanide, especially in the presence of alka- 
lies, make it a powerful oxidizing agent. 

Potassium ferricyanide gives no blue precipitate with ferric salts, 
but only a brown colour, but with ferrous salts it gives a fine blue 
precipitate, closely resembling Prussian blue, and called— 

„ 


Turnbull's Blue: S | 


formed according to the equation :— 


Cy„Fe’”’Cy,—The precipitate is 


3KCy,‚FeCy, + Fell, = 2KCI + K°|Cy„Fecy, 

The compound, like Prussian blue, is decomposed by caustic 
alkalies, reproducing potassium ferricyanide, while ferrous hydrate 
is precipitated. At the same time, and especially with excess of 
alkali, a portion of the ferrous hydrate is oxidized to ferric hydrate 
by the potassium ferricyanide, which is reduced to the ferro- 
cyanide. 


Hydroferricyanic Acid: H,FeCy,.—This compound separates, 
like the corresponding hydroferrocyanic acid, on mixing a solution 
of potassium ferricyanide with strong hydrochloric acid in the cold. 
It forms brown crystals, which are easily decomposed. 


Sodium Nitroprusside : Na,Fe’’Cy,(NO) +2H,0.— This salt, 
which contains one atom of sodium less than the ferricyanide, 
and one atom of cyanogen displaced by the monad radical: NO 
(nitryl), crystallizes more easily than that of potassium. It may 
be prepared in the following manner. Two parts of potassium 
ferrocyanide are gently warmed with 3 parts of strong nitric acid 
which has been diluted with an equal volume of water, until a 
portion of the liquid no longer gives a blue precipitate either with 
ferric chloride or with ferrous sulphate. The liquid is then allowed 
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to cool, so that potassium nitrate which has been produced shall 
crystallize out ; the acid liquid isthen poured off, diluted with water, 
and neutralized with sodium carbonate. 

On evaporating this solution sodium nitroprusside crystallizes 
out on cooling in large, dark-red, transparent crystals, easily soluble 
in water and in dilute alcohol. The aqueous solution gradually 
decomposes, especially when exposed to light, and deposits a 
blue precipitate. Sodium nitroprusside does not precipitate ferric 
salts, but is especially characterized by the dark purple colour 
which it produces with alkaline sulphides, and even with sulphu- 
retted hydrogen. The colour soon changes to a blue, and after- 
wards becomes a dirty brown. This reaction is so delicate that 
by its means the presence of the most minute traces of an alkaline 
sulphide or of a nitroprusside may be detected. 


Detection of Iron Compounds. 


The presence of small quantities of iron in any form may be re- 
cognized by the colour of the borax bead produced in the blow- 
pipe flame. Inthe outer or oxidizing flame, the ferric oxide colours 
the bead yellow, the colour becoming fainter on cooling. In the 
inner or reducing flame, the bead becomes of an olive-green colour, 
due to ferrous oxide. These colours cannot be observed in the 
presence of some other metals—e.g. cobalt—which obscure the 
colours produced by the oxides of iron. 

An aqueous solution of a ferrous salt gives no precipitate with 
sulphuretted hydrogen, but a black precipitate of ferrous sulphide 
with ammonium sulphide. Caustic soda or ammonia precipitates 
ferrous hydrate from the same solution ; the precipitate is first 
white, but soon oxidizes and becomes green and then brown. 
Potassium ferrocyanide gives a white precipitate rapidly oxidizing 
to Prussian blue, while potassium ferricyanide gives a blue pre- 
cipitate (Turnbull’s blue) at once. 

When a stream of sulphuretted hydrogen is led through a 
solution of a ferrzc salt, a white precipitate of sulphur falls down, 
and the ferric salt is reduced to the ferrous state :— 


FeC, + HS = zFeC, + 2HCl + S. 


And the black precipitate which ammonium sulphide produces in 
ferric salts is a mixture of ferrous sulphide and sulphur. Caustic 
soda or ammonia, when added to a solution of a ferric salt, pre- 
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cipitates brown ferric hydrate ; the presence of potassium tartrate 
prevents the precipitation. 

If a ferric salt containing phosphoric acid is precipitated with 
ammonia, the precipitate is not ferric hydrate, but ferric phosphate. 
Potassium ferrocyanide when added to a ferric salt gives a dark- 
blue precipitate of Prussian blue. Potassium ferricyanide produces 
no precipitate, but only a brown colour. 

Iron, in the form of a ferric salt, may be separated from the 
metals of the alkaline earths by precipitating with ammonium 
chloride and ammonia. Ammonium sulphide precipitates iron in 
any form, but does not throw down the alkaline earths. 

Iron is separated from aluminium by digesting with an excess 
of caustic soda, which dissolves aluminium hydrate, but not ferric 
hydrate. 





MANGANESE. 
Chemical Symbol: Mn.—Atomic Weight: 55. 


Manganese is closely related to iron in its properties, and has 
about the same atomic weight. Its compounds are also nearly 
always found associated with iron in nature. The most important 
minerals containing manganese are its oxygen compounds, and of 
these Ayrolusite (manganese peroxide: MnO,) is found in by 
far the largest quantities. Other manganese minerals are drau- 
nite (manganic oxide: Mn,O,), manganite (manganic hydrate: 
{MnO-OH 
(MnO-OH 
‚ganese-spar (manganous carbonate: CO-O,Mn), Psilomelane and 
wad (impure manganic perhydrate). Manganese also occurs in 
nature as its silicate, and in combination with sulphur as various 
sulphides. 

The metal itself is of but little interest. It may be obtained by 
heating a mixture of precipitated manganous carbonate and oil to 
redness, and then again heating this mixture with charcoal powder 
and anhydrous borax to the highest temperature of a wind furnace. 
The regulus of metal so obtained, which contains carbon and other 
impurities, is of a grey colour with a reddish tinge, very hard and 
brittle, and with a high melting-point. It has a specific gravity of 


), kausmannite (trimanganic tetroxide: Mn,O,), man- 


about 7'2, and oxidizes when exposed to moist air. The metal. 






# | 


dissölves easily in dilute sulphuric, hydrochloric, or even nitric acid, 
producing the corresponding manganous salts. 

Manganese unites with oxygen in no less than five proportions, 
forming oxides of very different chemical properties, and in which 
the manganese plays the part of a dyad, triad, tetrad, hexad, and 
heptad element. These compounds are the following :— 
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Manganous oxide: MnO . F . Strong base 
Manganic oxide : Mn,O, : . Very weak base 
Manganese peroxide : MnO, j . Indifferent 
Manganicacid: H,MnO, . : . Dibasic acid 
Permanganic acid: HMnO, ’ . Monobasic acid. 


Of these oxides, manganous oxide corresponds to ferrous oxide, 
manganic oxide to ferric oxide, and an intermediate compound of 
thesetwo: Mn,O,,to the magnetic oxide of iron. An oxide of iron 
corresponding to manganese peroxide is unknown, but we are ac- 
quainted with the corresponding sulphide in iron-pyrites. Finally, 
manganic acid corresponds to ferric acid, but no compound of 
iron is known similar to permanganic acid. 


Manganous Ozide: \InO.— This oxide remains as a greenish 
powder when manganous carbonate is glowed out of contact with 
air,or in a stream of hydrogen. It may also be obtained by heat- 
ing a mixture of manganous chloride and sodium carbonate. Man- 
ganous oxide is a strong base, and dissolves easily in hydrochloric, 
sulphuric, ornnitric acid. When heated in the air it absorbs oxygen 
and is converted into trimanganic tetroxide: Mn,O,. Unlike the 
iron compound, it is not reduced to the metallic state by hydrogen, 
even at a high temperature. 

Manganous Hydrate: Mn(OH),, is deposited as a white pre- 
Cipitate when caustic soda is added to a solution of a manganous 
salt. It rapidly darkens, especially when exposed to the air, and 
finally becomes completely converted into dark brown manganic 
hydrate. 

Ammonia produces the same precipitate when the solution does 
not contain ammonium salts ; manganous hydrate forms soluble 
compounds with these substances. 


The most important of the manganons compounds—i.e, those in 
which the metal is a dyad—are the following :— 


Manganous Sulphate: SO,-O,\In +7H O.— This salt is pro- 
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duced, with evolution of oxygen, when manganese peroxide is heated 
with strong sulphuric acid :— 


MnO, + SO«OH), = SO,0,Mn + HO + O0. 


The filtered solution, when sufficiently concentrated and freed 
from iron, deposits the salt in clear, rose-coloured, tabular erystals. 
At the ordinary temperature the salt crystallizes with only five 
molecules of water, and at higher temperatures other hydrated salts j 
may be obtained. Like magnesium and ferrous sulphates, the salt 
unites with the alkaline sulphates, forming double sulphates with i 
six molecules of water. ‘ 





Manganous Nitrate: (NO,),-O,Mn.—If manganous carbonate 
is dissolved in nitric acid and the solution evaporated down, man- 
ganous nitrate is obtained, and the salt is not oxidized as in the 
case ofiron. Manganous nitrate is highly deliquescent, and can 
therefore only be crystallized with difficulty ; when dried and heated 
it darkens in colour, and manganese peroxide separates out. 


Manganous Carbonate: CO-O,Mn, is thrown down as a 
white precipitate when sodium carbonate is added to a solution 
of a manganous salt. Itremains unchanged in the air when moist 
and only slightly darkens when dried. The salt is therefore much 
more stable than ferrous carbonate. Manganous carbonate occurs 
in nature as the mineral wmarganese-spar, erystallizing in rhombo- 
hedra, isomorphous with spathic iron ore and calcite. 


Manganous Chloride: MnCl,+4H,0.—Of the two chlorides 
of iron, ferric chloride is the more stable, and ferrous chloride 
readily combines with chlorine. But manganous chloride is by 
far the most stable chloride of the metal. The compound is pro- 
duced when manganous carbonate is dissolved in hydrochloric acid, 
and is also a bye-product in the preparation of chlorine from man- 
ganese peroxide. As already stated (p. 98), manganese tetra- 
chloride: MnCl,, is first produced, but is so unstable that it at once 
breaks up into manganous chloride and free chlorine. But as the 
manganese peroxide used for the preparation of chlorine always 
contains iron, the manganous chloride produced when it is dis- 
solved in hydrochloric acid always contains ferric chloride, 
Various methods are used to separate the iron, one of which 
consists in heating the dried residue in a Hessian crucible to low 
redness : the ferric chloride is then partly volatilized and partly 
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converted into insoluble basic chloride, but the manganous chloride 
remains unchanged. The mass is afterwards powdered and ex- 
tracted with hot water; and on evaporating the violet-coloured 
solution, manganous chloride with four molecules of water separates 
out in pink-coloured crystals. It is very easily soluble in water, and 
deliquesces in moist air ; when heated, it parts with all its water, 
accompanied bya trace of hydrochloric acid. Manganous chloride 
unites with ammonium chloride and forms a crystalline double 
salt of the composition : MnCl,2NH,C1+H,O. 


Manganous Sulphide:: \nS, is found in the mineral kingdom 
as alabandıte, in black cubes, or in crystalline masses. It is 
obtained artificially as a flesh-coloured precipitate by mixing a 
solution of a manganous salt with one of sodium sulphide. Iteasily 
dissolves in dilute acids with evolution of sulphuretted hydrogen. 
Manganese Disulphide : MnS,, has not been prepared artificially, 
but occurs in nature as the mineral Aawerite in reddish-brown 
crystals belonging to the regular system. 





Manganic Oxide: \n,O,, occurs in nature as the mineral 


braunite in black lustrous crystals belonging to the quadratic 
system. 


on. is found also in nature as 


Manganic Hydrate: | 
manganite in dark-brown rhombic prisms or crystalline masses. 
It is prepared as a dark-brown amorphous precipitate when a 
solution of manganous chloride is mixed with ammonium chloride 
and ammonia and exposed to the air. Unlike manganous hydrate, 
it is insoluble in ammonium chloride. 

Manganic oxide is a weak base, and difficultly combines with 


acids. Its salts decompose easily, especially when warmed, and 
are converted into manganous compounds. 


Manganic Sulphate: (SO,),O,Mn,”’, may be obtained as a 
dark-green amorphous powder by digesting pure manganese per- 
hydrate with concentrated sulphuric acid. It deliquesces when 
exposed to the air, forming a red liquid, and is a difficult compound 
to prepare, Somewhat more stable is its double compound with 
potassium sulphate, manganese alum: er er +12H,O, which 
is obtained by mixing the solution of the two sulphates. 
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‚Manganic Chloride is a very unstable compound, and unknown 
in the solid state. When manganic hydrate is treated with hydro- 
chloric acid in the cold a dark brown liquid is obtained, which 
probably contains manganic chloride, but which continually evolves 
chlorine. 


Trimanganic Tetroxide: Mn,O,=MnO,Mn,O,, is found in 
nature as the mineral Aausmannzite in brown quadratic crystals. 
It is the most stable oxide of manganese, and may be heated to v 

! 





redness in the air without change. If manganese peroxide is | 
strongly heated as long as oxygen is evolved, this compound 
remains as a reddish powder, and when manganous oxide or car- 
bonate is heated in the air it absorbs oxygen and produces the 
same substance. Hydrochloric acid dissolves trimanganic tetroxide, 
forming manganous chloride, while chlorine is evolved. 


Manganese Peroxide: \nO,, is the commonest and most 
important of the manganese minerals, and as such is known by the 
name Jyrolusite. It crystallizes in grey rhombic prisms, with a 
metallic Justre, but is usually found in rough masses often fibrous 
in structure. The chief European localities where it is found are 
Thuringia, and on the Lahn, in Germany, andin Bohemia, France, 
and Spain. Manganese peroxide gives a grey streak on paperor _ 
porcelain, and may thus be distinguished from other manganese 
minerals,. which give a brown streak. The compound may be 
artificially prepared by carefully heating manganous carbonate 
with potassium chlorate and extraction with water, or by heating 
manganous nitrate or the hydrated peroxide. 

Manganese peroxide is an indifferent substance, insoluble in 
water and innitric acid, even when concentrated. Strong sulphuric 
acid dissolves it with formation of manganous sulphate and free 
oxygen ; hydrochloric acid converts it into manganous chloride 
and chlorine. Substances which are easily oxidized, such as sugar, 
oxalic acid, &c., reduce manganese peroxide in the presence of 
sulphuric acid. Oxalic acid is thus completely converted into 
carbonic acid and water, while the peroxide becomes manganous 
sulphate. A process based upon this reaction is used to determine 
the quantity of the peroxide contained in commercial pyrolusite. 
Every molecule of manganese peroxide oxidizes a molecule of 
oxalic acid to carbonic acid, and it is, therefore, only necessary to 
know the weight of the latter substance, which may. be either 
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collected and weighed, or. estimated from the loss in weight, in 
order to determine the value of any particular sample of the ore: 


oe: + MnO, + SO,(OH), = 2CO, + SO,:0,Mn + 2H,O. 


Manganese peroxide is largely used for many technical purposes, 
chiefly for the manufacture of chlorine and bleaching powder. 
When heated, it liberates considerable quantities of oxygen, and 
becomes converted into trimanganic tetroxide. 


Manganese Perhydrate, of uncertain composition, is obtained as 
a dark-brown amorphous powder when a solution of manganous 
chloride is precipitated by sodium hypochlorite, or when chlorine 
is passed through a solution containing suspended manganous 
hydrate. The hydrate also separates when carbonic acid is passed 
through a solution of potassium manganate, which is then changed 
into potassium permanganate. The same change takes place if a 
very dilute solution of potassium manganate is boiled. 


Manganice Acid: MnO, O4 —The acid of the above com- 


position has not yet been prepared ; in all attempts to separate it, 
it breaks up into permanganic acid, water, and manganese perhy- 
drate. From the composition of its salts we infer that ıt.is a dibasic 


acid, having the above formula. 

Potassium Manganate: MnO, OK — This salt is obtained by 
the oxidation of any oxide of manganese in the presence of free 
alkali—for example, when any compound of manganese is fused 
with a mixture of potassium (or sodium) carbonate, and a little 
nitre. It may be obtained purer by the following process. Five 
parts of powdered caustic potash are mixed with a little water and 
4 parts of powdered manganese peroxide stirred up with it; this 
mixture is next heated nearly to boiling, and 3% parts of powdered 
potassium chlorate added. After evaporating the mass to dry- 
ness, it is heated in a crucible to low redness for one and a half 
hours, and the cold mass extracted with a little co/d water. The 
intensely green solution of potassium manganate so obtained 
deposits dark green, almost black, rhombic crystals of the salt 
when evaporated in a vacuum over sulphuric acid. The reaction 
is represented by the following equation :— 
3MnO, + 6KOH + CIO,-OK = 3MnO,(OK), + KCI + 3H,O. 


Potassium manganate is an unstable compound ; its aqueous 
HH 
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solution changes on standing, especially when warmed, and be- 
comes red from formation of potassium permanganate—hence the 
name chameleon mineral sometimes given to the salt. 


Permanganie Acid: MnO,-OH.— This monobasic acid is only 
known in solution, and is so unstable that it rapidly decomposes. 
On the other hand, the anhydride — Zermanganic anhydride: 
Mn,O,= var, j OÖ, may be obtained by adding potassium perman- 

3 


ganate in small quantities at a time to well-cooled strong sulphuric 
acid. It then separates from the olive-green liquid as drops of a 
‚heavy green oil, which soon decompose with evolution of oxygen. 





best known of the permanganates, is obtained by boiling the green 
solution of potassium manganate, or better, by leading a stream of 
carbonic acid through it. In the former case there are produced 
potassium permanganate, manganese perhydrate, and caustic 
potash ; in the latter case, potassium carbonate is formed instead 
of the hydrate :— 

3MnO,(OK), + 2H,O = 2MnO,-OK + MnO, + 4KOH. 
3MnO,(OK), + 2CO, = 2MnO,-OK + MnO, + 2CO-(OK),. 


’ 
Potassium Permanganate: MnO,-OK.— This compound, the j 
4 


For the preparation of the salt a solution of potassium man- 
ganate is warmed and a stream of carbonic acid led through it 
until the solution has become of a brisht red colour. The rlear 
solution is then run off from the precipitate and evaporated down, 
when potassium permanganate separates on cooling in long, dark- 
red, almost black, needles, with a metallic lustre. The salt is 
iso-morphous with potassium perchlorate. It is tolerably easily 
soluble in water ; at the ordinary temperature it requires 16 parts, 
but much less quantities at the boiling-point. 

Potassium permanganate is one of the most powerful oxidizing 
agents with which weare acquainted, and attacks a number of bodies 
which are not affected by other oxidizing substances. It liberates 
chlorine from hydrochloric acid, oxidizes oxalic acid to carbonic 
acid, ferrous salts to ferric salts, sulphurous acid to sulphuric acid, 
&c. Ifthe oxidizing solution of potassium permanganate contains 
free sulphuric acid, manganous sulphate is formed, and five atoms 
of oxygen are set freefrom each two molecules of the permanganate 
for the purposes of oxidation ; but ifthe solution is neutral, hydrated 
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manganese peroxide is produced, and only three molecules of 

oxygen are liberated from two molecules of the salt :— 

2MnO,-OK + 350,(OH), = 2S0,-0,Mn + SO,(OK), + 3H,0 +50. 
2MnO,- OK + H,O = 2MnO, +2KOH +30. 


If finely powdered potassium permanganate is dropped into 
concentrated sulphuric acid, a green solution is obtained, and oxy- 
gen accompanied by considerable quantities of ozone is evolved. 

Owing to its powerful oxidizing properties, potassium permanga- 
nate cannot be filtered through paper ; the paper is at once turned 
brown, and a reduced solution of a green or brown colour runs 
through. And the facility with which potassium permanganate 
oxidizes organic substances generally makes it well adapted for 
purposes of disinfection. A solution of the crude salt or of the 
sodium compound is largely used in England under the name of 
Condys fluid. 

The other permanganates resemble that of potassium ; they are 
allofa red colour and soluble in water. 


Detection of Manganese Compounds. 


The amethyst colour imparted by a small quantity ofa manga- 
nese compound to a bead of borax in the oxidizing flame of the 
blowpipe, and the disappearance of this colour when the bead is 
brought into the reducing flame, serve to detect the metal even in 
the presence of iron. Still more delicate is the green colour due 
to a manganate produced when a minute quantity of any man- 
ganese compound is fused on a piece of platinum foil with sodium 
carbonate and a little potassium nitrate. The test may be con- 
firmed by dissolving the green mass in water, acidulating and 
warming, when the solution becomes pink (permanganate). The 
flesh-coloured precipitate of manganous sulphide produced when 
ammonium sulphide is added to a solution of a manganous salt, 
and the darkening of the white precipitate (manganous hydrate) 
thrown down by ammonia on exposure to the air, are characteristic 
reactions of manganese compounds. But the colourof the sulphide 
is obscured by a small quantity of a salt of iron, which gives black 
ferrous sulphide with the ammonium sulphide, 

Ferric salts are at once distinguished from those of manganese 
by the white precipitate of manganous ferrocyanide, produced 
when a solution of potassium ferrocyanide is added to one of a 
manganous salt. Iron and manganese, which so often occur 

142 
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together, may be approximately separated by the addition of 
ammonium chloride and ammonia, which only precipitates ferric 
hydrate. The solution must be quickly filtered, otherwise man- 
ganic hydrate is produced by oxidation, and this is not dissolved 
by ammonium chloride. A more exact method consists in adding 
an excess of sodium acetate to the dr/wte solution of the two salts 
and then boiling, when the whole of the iron is precipitated as 
basic ferric acetate, while manganous acetate remains in solution, 


CHROMIUM. 
Chemical Symbol: Cr.—Atomic Weight : 52'2. 


Chromium, so-called on account of the various and beautiful 
colours of its compounds (xp@pa= colour), is not very widely 
distributed in nature, and never occurs in the metallic state. By 
far the most important mineral containing chromium, and that 
from which its compounds are always prepared, is chrome-iron ore : 
BEOLEHIOE 

Metallic chromium is only of scientific interest, and has not yet 
veen applied to any useful purpose. It may be obtained, according 
to Wöhler, by mixing one part of violet chromie chloride with two 
parts of a fused mixture of potassium and sodium chlorides, and 
heating this with two parts of granulated zinc in a Hessian crucible 
under a layer of potassium-sodium chloride. The crucible is 
heated up to the boiling-point of zinc, recognized by the bubbling 
noise, kept at this temperature for ten minutes, then removed from 
the furnace and knocked several times on the floor to cause the 
metal to unite at the bottom of the crucible. On breaking open 
the crucible when cold, a regulus of an alloy of zine and chromium 
is obtained, which is treated with dilute nitric acid until all the 
zinc is dissolved. The chromium then remains as a pale grey, 
crystalline powder. According to Bunsen, chromium may be 
obtained by electrolyzing a concentrated solution of chromic 
chloride. It then forms brittle lustrous scales, of the colour of 
iron. The metal is not oxidized by moist air so rapidly as iron ; 
its specific gravity is about 65. When heated in theair it becomes 
covered with a thin film of the oxide, imparting to it various colours, 
like steel ; it is only slowly oxidized in dry air, even at a red-heat. 
Hydrochloric acid dissolves the metal with evclution of hydrogen ; 
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sulphuric acid acts similarly on warming. Nitric acid, even when 
hot and concentrated, does not act on it. 


Chromium, like manganese, forms several compounds with 
oxygen. We are acquainted with—chromous oxide : CrO, chromic 
oxide: Cr,O, chromic anhydride: CrO, and perchromic acid : 
HCrOÖ, (2). The first and last of these compounds are unstable, 
and scarcely known. Chromic oxide, like alumina and other 
sesquioxides, is a weak base, while chromic anhydride possesses 
strong acid properties. 





CHROMIC OXIDE AND CHROMIC SALTS. 


Chromic Oxide : Cr,O,„— This compound, which is isomor- 
phous with alumina and ferric oxide, is amorphous or crvstalline 
according to its mode of preparation, but always possesses a green 
colour. Chromic oxide may be obtained by a variety of methods, 
of which the following are the most important :— 

(i.) By heating chromic hydrate, 

(1i.) By heating mercurous dichromate to redness :— 


|CrO,-OAg 
(6) | CrO,-OHg = Cr,O, + 2Hg + 20, 
when it remains as a dark green powder. 
(iii.) By igniting ammonium dichromate :— 


r T 
Be a u rer N, 
when the chromic oxide remains behind in olive green scales. 

(iv.) By very strongly heating a mixture of common salt and 
potassium dichromate covered with a layer of common salt ina 
Hessian crucible. On extracting the fused mass with water, the 
chromic oxide remains as glistening iridescent crystals :—— 


|CrO,-OK j 
0 |Cro,-OK = 1,0, n K,O + 30, 


the common salt only serving to assist the crystallization of the 


chromic oxide. 


(v.) Finally, by passing the vapour of chromyl chloride through 
a porcelain tube heated to redness :— 


2Crd.C, = iO ee Oo, 
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when chlorine and oxygen are given off, and the chromie oxide is 
deposited on the walls of the tube in lustrous dark-green crystals, 
which are so dark in colour as to appear almost black. These 
crystals are as hard as corundum, and have a specific gravity of 5:2. 

Strongly ignited chromic oxide is insoluble in acids, even in 
concentrated sulphuric acid. It may be heated either in the air 
or in hydrogen to the highest temperatures of our furnaces without 
change ; but is reduced when strongly heated with charcoal. 
When heated with potassium (or sodium) carbonate and exposed 
to the air, or with the addition of a little nitre, chromic oxide gives 
soluble potassium (or sodium) chromate. Insoluble compounds 
containing chromium— e.g. chrome-iron ore—are thus brought into 
solution. 

Chromic oxide easily dissolves in molten glass as well as in 
borax, and the chromic silicate or borate so produced possesses a 
beautiful green colour. On account of this property and because 
it remains unchanged at a high temperature, chromie oxide is 
largely used for colouring glass green and for painting on porce- 
lain. 

Chromic oxide, like alumina and other sesquioxides, is a weak 
base. It unites with acids and with bases, forming, in the latter 
case, compounds which correspond to the aluminates. These 
compounds, sometimes called ckromites, include chrome-iron ore: 
Fe0,C1,0,=C19, 
guished by the dificulty with which it is attacked by most acids. 
Among other chromites are the soluble green compounds pro- 
duced by digesting freshly precipitated chromic hydrate with 
caustic potash or soda. These compounds are, however, less 
‚stable than the corresponding aluminates, and are decomposed on 
boiling their solutions. It is remarkable that chromic hydrate 
when mixed with ferric hydrate is not dissolved by caustic al- 


kalies. 





O, Fe”, referred to above, and which is distin- 
2 ’ 9 


Chromio Hydrate : Cr(OH),— This substance separates when 
a solution of a chronic salt is mixed with ammonia as a bluish-green 
bulky precipitate, which when dried forms a dirty-green powder. If 
dried at 100° it possesses the above composition. When gradually 
heated more strongly it begins to glow throughout its entire mass 
at one particular temperature, and isthen converted into dark-green 
chromic oxide, which is now insoluble in acids. Freshly precipitated 
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chromic hydrate easily dissolves in acids, and produces two kinds 
of differently coloured chromie salts ; the solutions of the one kind 
are green, and those of the other violet. The violet salts change 
into green by continued boiling, but on allowing the latter to stand 
for some time a change takes place from the green to the violet. 
The violet salts crystallize easily ; but the green solutions, when 
evaporated down, leave a green amorphous mass.' Chromic 
hydrate, precipitated by ammonia from a solution of a violet salt, 
is somewhat soluble in an excess of the reagent, but is rendered 
completely insoluble on boiling. 

A hydrate of chromium of a fine green colour is known in 
trade as Guignet’s green, and has the composition : Cr,O,,2H,O = 

|Cr(OH), 

(\Cr(OH), 
dichromate and crystallized boric acid, and then extracting the 
fused mass with water. During the reaction, potassium and 
chromic borates are produced, and the latter compound is decom- 
posed when treatei with water. 


It is obtained by fusing a mixture of potassium 


Chromie Sulphate: (S0,),0,Cr,+15H,0.— This salt erys- 
tallizes in violet octahedra, when chromic bydrate is dissolved in 
sulphuric acid and allowed to stand for some time. If its solution 
is mixed with potassium sulphate, the two sulphates unite to form 
chrome-alum : Er, LO,Er, ı2H,O, which crystallizes out in fine 

5s0,) OR nr 
dark-purple octahedra when the solution is allowed to evaporate 
slowly. 

Chrome-alum is, however, best prepared by the reduction of a 
mixture of potassium dichromate and sulphuric acid by some easily 
oxidized substance, such as sulphurous acid or alcohol. The 
chromic acid which is thus set free by the sulphuric acid parts 
with oxygen, and is reduced to chromic oxide. One of ıhe best 
reducing substances to employ is ordinary alcohol, which then 
becomes oxidized to the volatile compounds—aldehyde and acetic 
acid. To obtain chrome-alum in this way, 2 parts of a saturated 
solution of potassium dichromate are mixed with 3 parts of con- 
centrated sulphuric acid in a large flask,.and alcohol added drop 
by drop from a separating funnel, with continued agitation, until 


! "The chemical difference between the violet and green modifications is at 
present unknown. It has sometimes been thought that the green varıeties 
ecntain a mixture of an acid and basic salt.— ED. 
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the red liquid has changed to a dark green. On allowing the 
green liquid to stand for some time in an open dish it gradually 
becomes of a violet colour, and, in consequence of evaporation, 
small octahedra of chrome-alum begin to be deposited. If these 
small crystals are allowed to lie in the solution, which is kept in a 
cellar where the temperature is nearly uniform, and are turned 
daily, they gradually grow to large regular octahedra. Theabove 
reaction takes place according to the following equation :— 

( . [3 
0C0..0K 2802106 + 4410 + 50, 
in which the oxidation of the alcohol by the three atoms of oxygen 
is not shown. 

As in ordinary alum, the potassium in chrome-alum may be 
displaced by any of the alkali-metals, or by thallium, without 
changing its crystalline. form. 





+ 4S0,(0H), = 


Chromic Nitrate: (NO,),O,Cr+9H,0, crystallizes with difi- . 
culty from the violet solution obtained by dissolving chromic 
hydrate in nitric acid. 


Chromic Phosphate: PO-O,Cr+6H,O0, falls as a dirty-green 
precipitate when a solution of sodium phosphate is added to one 
of chrome-alum. It becomes crystalline on standing under the 
liquid. 

Chromie Chloride : Cr,C],.— This chloride sublimes in beau- 
“tiful peach-blossom coloured scales, when a mixture of chromic 
oxide and charcoal is heated in a stream of dry chlorine; it is 
distinguished from the corresponding chlorides of aluminium and 
iron by its insolubility in water. When heated in the air it loses 
chlorine, and takes up oxygen, being first converted into an oxy- 
chloride and then into chromic oxide. 

A simple method of preparing considerable quantities is as 
follows. The dried mixture of chromic oxide, charcoal, and starch 
paste is placed in a Hessian crucible, on which is cemented a 
second crucible of similar size placed upside down, and through 
the bottom of which a hole is bored to receive the glass tube 
bringing the chlorine. The two crucibles are placed in a char- 
coal furnace so that the lower one is surrounded by the glow- 
ing charcoal, and is heated to redness, while the upper one is 
only moderately heated. Chlorine is then led into the upper 
crucible through a glass tube which fits the opening loosely, and 


. 


“ 
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the lower crucible is raised to a bright red-heat. The carbonic 


oxide and the excess of chlorine escape through the opening at 


'the top, and the chromic chloride condenses on the sides of the 


upper and cooler crucible : a portion of the chloride remains in 
the lower crucible loosely attached to the carbonaceous residue, 
from which it may be easily removed when cold. 

Chromic chloride when pure is quite insoluble in water, but 
dissolves at once to form a green liquid when the water contains a 
trace of crystalline chromous chloride. Mere contact with the 
chromous chloride suffices to convert the insoluble violet chromic 
chloride into the soluble green variety. 

By dissolving chromic hydrate in hydrochloric acid and eva- 
porating down, a green hydrated chromic chloride is obtained, 
which loses water and hydrochloric acid when heated, and leaves 
a basic chromic chloride behind. 


Chromous Chloride : CrCl,.—If chromie chloride is heated to 
low redness in a stream of hydrogen it loses chlorine, and is con- 
verted into a white crystalline mass of chromous chloride. This 
chloride dissolves in water to a blue liquid, which then absorbs 
oxygen when exposed to the air, and produces an oxychloride. 
Chromous chloride, like ferrous chloride, can dissolve considerable 
quantities of nitric oxide, forming a dark-brown solution. The 
merest trace of this chloride can convert considerable quantities of 
the violet chromic chloride into the soluble green modification (see 
above). 

When caustic potash is added to a solution of chromous 
chloride, a brown precipitate is produced, which is probably of 
chromous hydrate: Cr(OH),, but which possesses so strong an 
attraction for oxygen, that it decomposes water and forms tri- 
chromic tetroxide : Cr,O,, with evolution of hydrogen. 


CHROMIC ACID AND THE CHROMATES. 
Chromic Anhydride : CrO,. 


True chromic acid is unknown in the free state; when 
separated from its salts it breaks up into water and chromic 
anhydride. 
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Chromic anhydride, commonly known as chromic acid, is 
easily obtained by adding 13 volume of concentrated sulphuric 
acid to ı volume of a saturated solution of potassium dichromate 
at 50°. The mixture becomes strongly heated, and deposits on 
cooling long bright red prisms of the chromic acid liberated by 
the sulphuric acid. When quite cold the mother-liquor, containing 
acid potassium sulphate, is poured off, and the crystals dried first on 
an asbestos filter, and then by placing them on a porous plate of 
unglazed porcelain, which absorbs the remaining traces of water. 
By recrystallizing from a small quantity of water and repeating the 
drying process, the crystals may be obtained pure and free from 
sulphuric acid. 

Chromic acid is easily soluble in water and deliquesces in moist 
air. The solution is of a reddish-brown or yellow colour according 
to its strength, and reacts strongly acid. Chromic acid contains 
one half of its oxygen very loosely combined, and is decomposed 
into chromic oxide and oxygen not only when heated alone: 
2CrO,=Cr,O,+30, but also when heated with sulphuric acid, 
chromic sulphate being formed in this case. In the same way it 
evolves chlorine with strong hydrochloric acid :— 


sCrO, + mHCI = CnCl, + 6H,0 + 3C, 


It oxidizes organic substances so powerfully that few can with- 
stand its action. If the solution is filtered through paper, or if the 
crystals are dried with paper, the chromic acid at once becomes of 
a green colour from chromic oxide. Alcohol when dropped on the 
erystalline substance is so rapidly oxidized that it catches fire. 

if a solution of chromic acid is mixed with hydrogen peroxide 
a compound of a beautiful blue colour is formed, which easily 
dissolves in ether. It has been suggested that this compound is 
perchromic acid, corresponding to permanganic acid, but its com- 
position is doubtful (p. 91). 


The Chromates. 


The hypothetical chromie acid: ee is, like sulphuric 


acid, a dibasic acid, but is distinguished from this and all other 
! An excellent method of obtaining a long-continued, regular stream of 


chlorine consists in gently heating potassium dichromate with an excess of 
hydrochlorie acid.—ED. 
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‚dibasic acids by the fact that it never produces acid salts. That 
acid salts of chromic acid might be produced cannot be doubted, 
but we are as yet unacquainted with the conditions under which 
they can exist. They decompose as soon as produced into the 
\CrO,-OH 


\CrO.-OH and water. If, for 


normal salts ofdichromic acid : OÖ 


’ (OK. 5 : 
example, normal potassium chromate : CrO, \OR mixed with a 


solution of chromic acid, or with a stronger acid, then it is probable 
that acid potassium chromate is first produced :— 


OK EHE. OH 
DALE + CrO, OH = 2CrO, IOK 
or 
.n JOK (OH _ u LsNet x OH 
rO, iOK * so, \oH ” ErO, IOK 50, Br 


and that two molecules of the acid’chromate immediately afterwards 
break up into the normal dichromate and water :— 
'OH 'CrO,-OK 
2CrO, |lOK ” OÖ \CrO,-0oK * RO: 
These soluble dichromates are again converted into the normal 
chromates on the addition of a base :— 
(CrO,-OK 


+ 2KOH = z2Cı0, er + H,O. 

Similar relations to that between chromic acid and dichromic 
acid also exist between sulphuric and disulphuric acids (p. 167), and 
between phosphoric and pyrophosphoric acids (p. 219) ; the only 
difference being that the normal salts of disulphuric and pyrophos- 
phoric acids are produced from the acid sulphates and acid phos- 
phates respectively ata high temperature, while the change from 
the acid chromates to the normal dichromates takes place at the 
ordinary temperature. Itis possible that acid chromates may exist 
at a low temperature. 


[CrO, OR . 

|Cr0'.0x— This salt 
is manufactured on a large scale from chrome-iron ore : Fe, 
Cr,O,, and is the starting-point for the preparation of all other 
chromium compounds. It is obtained when the finely powdered 
‚ore is mixed with potassium carbonate and nitre and fused for some 
time. The iron is then oxidized to ferric oxide and the chromium 


Potassium Dichromate: N ,Cr,0,.= 0 
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to chromic acid, which unites with the potassium and forms yellow 
potassium chromate. The latter compound goes into solution on 
digesting the fused mass with water. On the large scale the mixture 
of the pulverized ore and potassium carbonate, without nitre, is 
heated in a reverberatory furnace and the oxidation effected by 
excess ofair. A certain quantity of lime is usually added, which 
keeps the mass porous and prevents complete fusion. The yellow 
solution of potassium chromate obtained by afterwards extracting 
the mass with water is then acidulated with sulphuric acid, which 
both destroys any excess of potassium carbonate and converts the 
normal chromate into red potassium dichromate, and the solution 
is allowed to crystallize. The chromate is converted into the dichro- 
mate because the latter salt crystallizes much more easily from its 
solutions, and can, therefore, be more readily purified. 

Potassium dichromate, puriied by recrystallization, forms 
orange-red tabular crystals of the above composition, and without 
water of crystallization. It dissolves in ten parts of water at the 
ordinary temperature, but is more soluble in hot water ; the solu- 
tion reacts faintly acid. When heated to low redness it melts 
unchanged to a dark red liquid, and at very high temperatures is 
decomposed. Concentrated sulphuric acid separates crystalline 
chromic acid from its aqueous solution. Sulphuretted hydrogen 
reduces a solution of potassium dichromate and produces a preci- 
pitate of chromic hydrate and sulphur, while the potassium is 
converted into sulphide or sulphydrate, which remains in solu- 
tion :— 

) [Cr0%.0k + 4E,$S = 2Cr(OH), +35 + KS + Hd 

No precipitate of chromic hydrate is produced if hydrochlorie 
or sulphuric acid is previously mixed with the solution of potassium 
dichromate ; the red colour of the solution then changes to a green 
from the chromic chloride or sulphate produced. 

If a solution of potassium dichromate is mixed with caustic 
potash or potassium carbonate until the red colour has become a 
pure yellow, and the solution evaporated down, 


Potassium Chromate: CrO,(OK),, separates out in yellow 
crystals, isomorphous with potassium sulphate. The salt is very 
easily soluble in water, and cannot therefore be so easily crys- 
tallized as the dichromate. Its yellow solution reacts slightly 
alkaline, and becomes red on the addition of an acid owing to the 


4 
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formation of potassium dichromate, which in its other properties 
it closely resembles. 


Sodium Chromate—Both sodium chromate and dichromate 
closely resemble the corresponding potassium salts, except that 


they are much more soluble in water, and even deliquesce in the 
air. 


; Dr ‚n!CrO,-ONH BE 
Ammonium Dichromate : O |CrO.-ONH" cerystallizes in yellow 


2 4 
scales, and otherwise resembles the potassium salt. It is easily 
soluble in water, and gives green chromic oxide when heated 
(r- 469). 


Ammonium Chromate: CrO,(OÖNH,),, cerystallizes in yellow 
needles on evaporating a mixture of aqueous chromic acid and 
excess of ammonia. The crystals remain unchanged in the air. 


Calcium and Strontium Chromates crystallize in yellow prisms, 
and are much less soluble in water than the potassium salt. 
Barium Chromate : CrO,-O,Ba, is nearly insoluble in water, and 
separates as a pale-yellow precipitate when a solution of potassium 
chromate or dichromate is added to one of barium chloride. It is 
used as a yellow pigment. 


The chromates of the heavy metals are coloured substances, 
insoluble in water. 


Chlorchromic Acid and Chromyl Chloride. 
Chromic acid, which resembles sulphuric acid in so many 


points, also forms a compound, chromyl chloride : CrO ' “ corre- 
sponding to sulphuryl chloride : SO, ' = in which the two atoms 
of hydroxyl of the hypothetical acid are displaced by chlorine. A 


second compound, corresponding to chlorsulphonic acid: SO, ' ni 
and in which only one atom of hydroxyl is displaced, is known in 


tbe salts of chlorchromic acid—e.g. Potassium chlorchromate : 
re] & ee s 

&ioR IOK The acid itself has not yet been prepared. To obtain 
this potassium salt, 3 parts of finely powdered potassium dichro- 
mate are mixed with water to a paste, then gently warmed with 
4 parts of concentrated hydrochloric acid until a faint odour of 
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chlorine ‘is perceptible. The salt afterwards separates in large 
red, tabular crystals as the clear, red solution cools :— 
!CrO,-OK a el 
(6) (CrO.-OR * zu CE 2CrO,; OK * H,O, 

The salt is decomposed by water, but dissolves in hydrochloric 
acid unchanged. When gently heated it evolves chlorine copiously. 


Chromyl Chloride: CrO, | e is a blood-red, heavy liquid of 


1°9 specific gravity, and boiling at 116°. It possesses a powerful 
piercing odour, and fumes in the air. In order to prepare this ' 
compound, 10 partsof common salt are fused together with ı2 
parts of potassium dichromate, the fused mass poured on to a 
clean iron plate and broken into pieces when cold. It is then in- 
troduced into a large retort connected with a condenser, and 40 
parts of concentrated sulphuric acid, containing some Nordhausen 
acid, added. A brisk reaction ensues, which must afterwards be 
supported by a gentle heat, and the compound distils over into the 
well-cooled receiver. It is purified by repeated distillation, finally 
in a stream of carbonic acid gas. The reaction is represented by 
the following equation :— 


[CrO,-OK (OH 
OlCro,.0or + 4Nall + 650,j9H =. 2Cr0,Cl, + I 
„an. JOK. , son [ONa } 
250, or? 450,, OH + 34,0. 


According to which 1 molecule of potassium dichromate and 
4 molecules of sodium chloride give, when heated with an excess F 
of sulphuric acid (about 9 molecules), 2 molecules of chromyl 
chloride, 2 of acid potassium sulphate, 4 of acid sodium sulphate, 
and 3 of water, for the retention of which at least 3 molecules of 
sulphuric acid are required. 

Chromyl chloride is decomposed by water into chromic and 
hydrochloric acids. It acts energetically on phosphorus, sulphur, 
and many organic substances with the production of light and heat. 
When its vapour is led through a red-hot tube it is decomposed into 
chlorine, oxygen, and chromic oxide. If the requisite quantity of 
chromyl chloride is dropped into a solution of normal potassium 
chromate, containing a little acetic acid, the liquid becomes filled 
with crystals of potassium chlorchromate :— 











CrO,Ch 4 Cr@OR, 2C:0, 10% 
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Detection of Chromium Compounds. 


Compounds of chromium, in any form, may be readily and cer- 
tainly detected by simple blowpipe tests. \Vhen heated with 
sodium carbonate and a littlenitreon a piece of platinum foil, they 
all produce yellow sodium chromate, and the fused mass, when dis- 
solved in water and acidulated with acetic acid, gives a yellow pre- 
eipitate of lead chromate on the addition of a few drops of a 
solution of lead acetate. 

A trace of a chromium compound imparts a green colour to a 
borax bead (due to chromium borate), both in the oxidizing and 
reducing flame, but which becomes converted into yellow sodium 
chromate when heated for a long time in the oxidizing fame. 

An aqueous solution of a chromate is recognized by the yellow 
precipitate of lead chromate produced on the addition of a solution 

‚of lead acetate; and by the change of the yellow or red solution to 

‚a green salt of chromic oxide when acted upon by sulphuretted 
_ hydrogen, sulphurous acid, alcohol, or other reducing agents in the 

_ presence of hydrochloric or sulphuric acid. 
The soluble salts of chromic oxide all yield chromic hydrate 
_ with ammonium sulphide, ammonia, or caustic soda, and are not 
- precipitated by sulphuretted hydrogen. In this respect the salts 
‚of chromic oxide resemble those of alumina. Freshly precipitated 
chromium hydrate, like aluminium hydrate, is easily dissolved by 
_ caustic soda, but the hydrate is reprecipitated on boiling, or when 


allowed to stand. 


Compounds of chromic oxide may therefore be separated from 
those of alumina by adding excess of caustic soda and boiling ; 
they may be separated from salts of iron by fusing with sodium 
rbonate and nitre, when the iron is converted into insoluble ferric 
xide, while tbe chromium takes the form of a soluble chromate, 
hich may be extracted by digesting the fused mass with water. 















URANIUM. 
Chemical Symbol: U.—Atomic Weight: 240. 


This somewhat rare element is never found free in nature ; it 
curs almost exclusively as the oxide:: U,0, = UO,2UO,, in the 
ineral Zitchblende. The metal may be obtained by fusing 
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uranous chloride with sodium, best in an.iron crucible, and then 
forms either a black powder or a hard metallic button of a grey 
colour. It melts at ared heat, and has a specific gravity of 18:7. 
The metal does not decompose water even at 100°, but oxidizes 
when heated in the air, and is easily dissolved by dilute acids. 

Uranium unites in two proportions with oxygen, forming zra- 
nous oxide: UO,, and wranic oxide: UO,, and a third oxide also 
exists of the composition : U,O,, which may be considered as a 
compound of the first two: UO,+2UO,. Pitchblende consists 
chiefly of this oxide, but contains also compounds of lead, copper, 
arsenic, iron, manganese, cobalt, and other metals. To obtain 
pure uranium compounds from this mixture the following process 
may be adopted. The powdered mineral is heated with mode- 
rately concentrated sulphuric acid and small quantities of nitric 
acid added from time to time. When only a white insoluble 
residue (of lead sulphate, &c.) remains, the liquid is evaporated 
down to expel most of the acid, then diluted with water and the 
clear solution saturated with sulphuretted hydrogen to precipitate 
lead, copper, arsenic, &c. The solution is next filtered off from 
these sulphides, the iron oxidized again by nitric acid, and 
ammonia added in excess. The dark-yellow precipitate so 
obtained, which chiefly consists of ferric hydrate and ammonium 
uranate, isthen well washed and treated with a warın concentrated 
solution of ammonium carbonate containing free ammonia, until 
allthe uranium is dissolved and the precipitate consists entirely of 
dark-brown ferric hydrate. The yellow solution, which must be 
quickly filtered, deposits small, hard, yellow crystals of ammonium- 
uranic carbonate, and a further deposit ofthe same salt is obtained 
as a yellow powder when the solution is boiled. This compound 
when heated to redness leaves the pure dark-green oxide : U,O,. 

STEIN 0 ; ; : 

Uranic Nitrate: NO;| O,(UO,)+6H,O, is obtained in large 
yellow deliquescent prisms when the preceding or any other oxide 
of uranium is dissolved in nitric acid and the solution evaporated 
down. If the salt is heated to 250° until nitrous fumes are no 
longer evolved, it becomes changed into 

Uranic Oxide: UO,=(UO,)O, which remains behind as a 
yellow powder, and which when strongly heated loses oxygen and 
reproduces uranoso-uranic oxide: U,O,. 


Uranic Sulphate : SO,-O,(UO,) + 3H,O, may be obtained by 


A 
ee) 
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decomposing the nitrate with sulphuric acid, and crystallizes in 
pale yellow needles. 


Uranic Carbonate.— Ammonium carbonate, when added to a 
solution of a nranium compound, produces a yellow precipitate, 
which, however, is not uranium carbonate, but a double carbonate 
ofammonium. This salt is soluble in an excess of ammonium 
carbonate, and if this solution is allowed to evaporate in the air, or 
if gently warmed, it deposits small yellow glistening crystals of the 
ceompound : CO-0,(UO,)+2CO-(ONH,), which is only slightly 
soluble in water. This double salt is used to separate uranium 
from other metals. 


Uranic Phosbhate: PO N 0, +4H,0, is thrown down as a 
yellow, crystalline precipitate on adding a solution of phosphoric 
acid or a soluble phosphate to one of uranic acetate. It is in- 
soluble in acetic acid. Ifthe solution of uranium contains ammo- 
nium chloride, the precipitate which is produced on the addition 

a nf (UO.\ 
of a phosphate has the composition: PO er» This 
VoRung 
pound is also insoluble in acetic acid, and is used to estimate phos- 
phoric acid, especially in manures. 


The mineral aufwnite is a double phosphate of uranium and 
calcium. 


com- 


From the composition of the uranium compounds given above, 
it is clear that uranic oxide is not a triacid base like alumina, ferric 
oxide, and chromic oxide, but that it always combines only with two 
molecules of a monobasic acid, like lime, magnesia, and the oxides 
of other dyad metals. Two atoms of oxygen are firnıly united 
with an atom of uranium to form a dyad radical: UO,, called 
uranyl, and the salts of the oxide—e.g. uranic nitrate, are properly 
called uranyl salts—e.g. uranyl nitrate. This rule, however, is not 
followed, because no compound of the composition : (NO,),O,U, is 
known. If, then, uranic oxide: UO,,is to be considered as uranyl 
oxide: (UO,)O, we should expect that on dissolving this oxide in 
hydrochlorie acid a chloride of the composition : (UO,)Cl,, would 
be obtained, according to the equation :— 


(UO,)O + zHCI = (UO,JC, + H,O, 


and as a matter of fact the compound : Uranyl chloride, which 
wi 
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erystallizes with difficulty from the yellow solution obtained by 
dissolving uranic oxide in hydrochloric acid, has this composition. 


Uranic oxide unites with strong bases to form a series of com- 
pounds called zranates, in which it plays the part of an acid. All 
these salts, even those of the alkalies, are insoluble in water. 
Potassium uranate: O 1U0%- OR corresponding to potassium 

(UO,-OK > 

dichromate, is obtained as a yellow precipitate on adding caustic 
potash to a solution of uranium nitrate. It bears a high tempera- 
ture without decomposition. Sodium uranate and Ammonium 
uranate closely resemble the potassium salt, and are obtained by 
adding caustic soda or ammonia to a solution of uranium nitrate. 
Ammonium uranate dissolves in ammonium carbonate in the cold, 
and when ignited in the air leaves uranoso-uranic oxide as a green 
powder. 


Uranyl Sulphide: (UO,)S, is precipitated as a black amor- 
phous powder, nearly insoluble in water, when ammonium sulphide 
is added to a solution of an uranic salt. It is soluble in ammonium 
carbonate, and is therefore not thrown down if the solution to 
which the ammonium sulphide is added contains this salt. 


Uranous Oxide: UO,, which is produced by glowing uranic 
oxide or uranoso-uranic oxide in a stream of hydrogen, is a black 
or dark brown crystalline powder, insoluble in dilute hydrochloriec 
acid, but dissolving in nitric acid and in concentrated sulphuric 
acid. If a solution of uranous oxide in sulphuric acid, which is 
of a green colour and contains vranous sulphate: (SO,),O,U, is 
inixed with caustic soda, a brown precipitate of uranous hydrate: 
U(OH),,is produced, which turns black on boiling. 


Uranous Chloride: UCl, may be prepared by igniting a 
mixture ofany oxide of uranium and charcoal in a stream ofcchlorine, 
and then sublimes in lustrous dark green octahedra. It isreadily 
soluble in water and deliquesces in moist air. 


Uranoso-uranic Oxide: U,O,= UO,2UO,, is obtained as a 
dark green powder, by glowing either uranous or uranic oxide in 
r. In the former case oxygen is absorbed, in the latter it ıs 


the air. 
Itis easily soluble in nitric acid, but only dissolves in 


given off. 
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sulphuric or hydrochloric acid with difficulty, and withstands a high 
temperature without change. 

Glass (or aborax bead) is coloured a bright green by this oxide, 
while uranic oxide imparts a greenish yellow tint, which fluoresces 
strongly in bright Iıght. 





COBALT AND NICKEL. 


These twin metals, as they may be called, always occur in 
association with one another in nature, the one being in excess in 
some minerals, and the other in others. Both are constant 
constituents of metallic meteorites, though the nickel is always in 
excess. The two metals have nearly the same atomic weight, and 
their compounds are so much alike, chemically, that for a long 
time no method was known of separating them. Their salts are 
chiefly distinguished from one another by their colour : those of 
cobalt are red or blue, and those of nickel green. 

The similarity between the two metals extends even to their 
names. The external appearance of the cobalt ores led to the 
belief that a valuable metal might be extracted from them by the 
ordinary metallurgical processes. But when all attempts in this 
direction proved futile, the German miners imagined the ores to be 
possessed of an evil spirit or A’odold (=sprite, goblin), and this 
word then gave the name cobalt to the metal afterwards discovered 
in the ores. In the same way, many attempts were made to ex- 
tract copper from the commonest ore of nickel—Kupfer-nickel— 
which is itself of a copper colour ; but when all these endeavours 
were in vain the ore was thrown on one side and called \rrczel (an 
abusive word for an obstinate person in some South German 
dialects), aname which has now been retained for the metal itself. 

Of the two metals, cobalt was first used in the arts, and in the 
form of its oxide, after it had been discovered that this compound 
dissolves in molten glass with a dark-blue colour, and that such 
glass when finely powdered yields a fine blue pigment (smma/f). In 
the manufacture of smalt the nickel compounds are separated 
under the name of cobalt-speiss, and this was formerly thrown 
away as useless. At one time this speiss was used in Hesse for 
mending the roads, but when its value became known the road 
Scrapings were carefully collected and worked for nickel. 

23 
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Cobalt is only used technically in the form of its oxide, not as 
the metal ; while nickel, on the other hand, is almost exclusively 
used in the metallic state for the preparation of alloys and for 
nickel-plating. 





COBALT. 
Chemical Symbol : Co—Atomic Weight: 59. 


Cobalt is only found native in metallic meteorites, and then in 
very small quantities. The most important minerals which contain 
the metal are swaltite or speiss-cobalt : CoAs,, and glance-cobalt : 
CoS,CoAs,=CoAsS. From these ores, which usually contain 
copper, iron, and nickel, cobalt or a pure cobalt compound may 
be obtained by a variety of methods. To prepare cobalt from 
either of the above ores on the small scale, the following pro- 
cess may be adopted. The ore is first freed from some of its 
sulphur and arsenic by roasting in the air, then dissolved in 
hydrochloric acid, with the addition of small quantities of nitric 
acid, until completely decomposed. Sulphuretted hydrogen is 
next passed through the acid liquid to precipitate arsenic, copper, 
lead, &c., and after the iron has been again oxidized by nitric 
acid, a solution of sodium carbonate added until just neutral, 
by which all the iron is precipitated as ferric hydrate. The 
filtered solution, on further addition of sodium carbonate, gives 
a precipitate of the mixed carbonates of cobalt and nickel, which, 
when washed and digested with a strong solution of oxalic acid, 
are converted into the insoluble oxalates, both of which dissolve 
in strong ammonia. This solution of the oxalates in ammonia . 
is then allowed to stand in the air for some time, so that the 
ammonia may slowly evaporate, when the whole of the nickel is 
precipitated as oxalate, while the cobalt remains in solution. The 
clear purple solution, whichnow only contains cobalt, is evaporated 
to dryness, the residue glowed, and then dissolved in hydrochlorie 
acid, and after the excess of hydrochloric acid has been removed 
by heating, precipitated with a solution of oxalic acid. The cobalt 


oxalate : EI OReL so obtained is decomposed when heated into 


carbonic acid and cobalt, the latter fusing at a sufticiently high 
temperature. To reduce the metal from the oxalate, a narrow, 
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deep, unglazed, porcelain crucible is filled with the dry salt, then 
covered, placed in a larger Hessian crucible lined with charcoal, 
and exposed to a high temperature in a wind furnace. The metal 
then melts to a steel-grey button, with a tinge of red. It has a 
specific gravity of 8°6, is malleable, and can be highly polished. It 
is only fused with difficulty, is more compact than iron, and is 
slightly magnetic. Cobalt is less readily oxidized than iron, but 
when heated in the air becomes covered with a film of the oxide ; it 
dissolves in hydrochloric acid and dilute sulphuric acid, but less 
readily than iron, and then produces cobaltous chloride and sul- 
phate respectively ; nitric acid also dissolves it, forming cobaltous 
nitrate. 

Cobalt unites in two proportions with oxygen, forming cobaltous 
oxide: CoO, and’ cobaltic oxide: Co,O,. The former is a strong 
base, while the latter possesses more the character of a perexide. 


Cobaltous Oxide: CoU; Cobaltous Hydrate: Co(OH),. 


When caustic soda is added to a solution of cobaltous chloride, 
a avender coloured precipitate of a basic chloride is formed ; the 
precipitate changes to pink cobaltous hydrate when boiled, but 
soon absorbs oxygen from the air, and becomes of a brownish 
colour. When this precipitate is heated out of contact with the air, 
it loses water and is converted into cobaltous oxide, forming a dull 
green powder. The same compound is produced when cobaltous 
carbonate is heated out of contact with air. When heated in the 
air, cobaltous oxide is converted into the three-quarter oxide—tri- 
cobaltic tetroxide : Co,O,, corresponding in composition to the 
magnetic oxide of iron. Cobaltous oxide dissolves in hydrochloric, 
sulphuric, or nitric acid, and produces bright red solutions. 


Cobaltice Oxide:: Co0,O,; Codaltic Hydrate: Co(OH),. 

Cobaltic oxide is a black powder, insoluble in water, and is 
obtained by carefully heating cobaltous nitrate or cobaltic hydrate. 
The hydrate is produced when chlorine is led into an alkaline solu- 
tion containing cobaltous hydrate in suspension. Such a solution 
is easily obtained by precipitating a cobaltous salt with excess of 
caustic soda. The reaction is as follows :— 

Co(OH), + NaOH + Cl = Co(OH), + Nall. 

Cobaltic hydrate may also be obtained by precipitating a solu- 


tion of a cobaltous salt with sodium hypochlorite, or a solution of 
bleaching powder. Like the oxide, it is also ofa black colour, and 
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both compounds dissolve easily inhydrochloric acid. This solution 
appears at first to contain cobaltic chloride: CoUl,, as but little 
chlorine is set free in the cold; if, however, the liquid is gently 
warmed, chlorine is liberated in abundance, and the solution now 
contains red cobaltous chloride. 

Cobaltic oxide, when strongly heated in the air, loses oxygen 
and is converted into the oxide, Co,O,. 


Cobaltous Sulphate : SO,-O,Co+7H,O, is easily soluble in 
water, and separates from its aqueous solution in dark-red crystals, 
isomorphous with ferrous sulphate. . ; 


Cobaltous Nitrate : (NO,),0,Co +6H,O, cerystallizes with difh- 
culty in dark-red prisms, which deliquesce in the air. When heated 
it easily parts with oxygen and all its nitrogen as nitric peroxide, 
and leaves a residue of cobaltic oxide, which becomes cobaltoso- 
cobaltic oxide : Co,O,, when more strongly heated. 

Cobaltous Nitrite is an unstable compound, and has not been 
prepared pure. If a neutral aqueous solution of a cobaltous salt 
is mixed with one of potassium nitrite in excess, a yellow, crystal- 
line precipitate soon separates, which is a double nitrite of potas- 
sium and dyad cobalt, and has the composition :— 


(NO),O,Co” + 2NO-OK + H,O. 


This compound is slightly soluble in cold water, and dissolves 
more readily when warm, forming a red solution. 

A second double nitrite, but containing triad cobalt, is obtained 
when potassium nitrite is added in excess to a solution of a cobal- 
tous salt strongly acidified with acetic acid. A double salt of the 
cOMPOSILION !— 

(NO),0,C0” + 3NO-OR, 


with varying quantities of water, then separates also in the form 
of a yellow crystalline precipitate. This compound is only slightly 
soluble in water, but quite insoluble in water containing a small 
quantity of potassium nitrite or some other potassium salt. The 
corresponding nickel compound is easily soluble in water, and 
potassium nitrite is therefore used to separate cobalt and nickel. 


Cobaltous Phosphate is thrown down as a bright-red precipitate 
on adding a solution of sodium phosphate to a cobaltous salt. 
Cobaltous Carbonate—When sodium carbonate is mixed with 
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a cobaltous salt a pink precipitate is produced. This is not 
the normal carbonate, but a basic salt of the composition : 
2CO-0,Co + 3Co(OH), +H,O. 


Cobaltous Oxalate : IE, is slightly soluble in water, and 


separates when oxalic acid is added to a cobaltous salt as a pink 
cerystalline powder. 


Cobaltous Chloride : CoCl, +6H ,O, crystallizes on evaporating 
its aqueous solution in fine red prisms. \Vhen heated the salt 
loses water, and becomes of a blue colour. The same change is 
produced by concentrated hydrochloric acid. It forms a crystalline 
double salt with ammonium chloride of the composition : CoCl, + 
NH,CI1+6H,O. 


Cobaltie chloride, which in the free state is so unstable, unites 
with ammonia and forms a number of stable and most remarkable 
compounds, whose constitution still remains an unsolved problem. 
If an aqueous solution of cobaltcas chloride is mixed with an 
excess of strong ammonia, the clear liquid exposed to the air until 
its brown colour has changed to a red, and then mixed with con- 
centrated cold hydrochlorie acid, a brick red erystalline powder of 
the composition ; 

CoCl,5NH, + H,O, 
and called Roseocobaltic chloride, separates out. The cobaltous 
chloride by standing in the air has become oxidized to a compound 
of triad cobalt. Ifthe solution is precipitated with sulphuric acid, 
instead of with hydrochloric acid, a bright red crystalline pre- 
cipitate of roseocobaltic sulphate is produced. 

The dark red solution of roseocobaltice chloride becomes of a 
purple colour when dozl/ed, and then deposits small, lustrous, purple 
erystals of Purpureocobaltic chloride: CoCl,5NH,, on cooling. 
This compound differs only from roseocobaltic chloride by contain- 
ing one molecule of water less. 

With the formation of the purpureocobaltic chloride, a second 
compound called Zufeocobaltic chloride: CoCl,6NH,, is also pro- 
duced, which is difficultly soluble in cold water, and is deposited 
when the hot solution cools as dark yellow crystals. 

If the aqueous solutions of these chlorides are digested with 
silver oxide, silver chloride is produced, tegether with a strongly 
alkaline liquid, from which, however, the bases cannot be separated 
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as they decompose, with evolution of ammonia, when the solutions 
are concentrated. In what form the five or six molecules of ammonia 
exist in these compounds it is still uncertain. But the constitution 
of these compounds is certainly »07 that expressed by the above 
empirical formul, which represent them as double compounds of 
cobaltic chloride and ammonia. 


Cobaltous Cyanide: CoCy,—If potassium cyanide is added to 
a cobaltous salt, a dirty-red precipitate of cobaltous cyanide is 
thrown down. This salt is insoluble in water, but readily dissolves 
in an excess of potassium cyanide, forming a double salt: 2KCy, 
CoCy,, which is decomposed by hydrochloric acid. If, however, 
the clear solution of this double salt is boiled with an excess of 
potassium cyanide, hydrogen is evolved, the cobalt oxidized, and 


Potassium Cobalticyanide: K,Co’”’Cy,=3KCy,CoCy,, pro- 
duced according to the equation :— 


2KCy,Co’Cy, + 2KCy + H,O = 3KCy,CoCy, + KOH + H. 


The salt is deposited on afterwards evaporating the solution in 
yellow rhombic cerystals of the above composition and without 
water. It is easily soluble in water, acids do not precipitate 
cobaltic cyanide, and it is generally similar to potassium ferri- 
cyanide, with which it is isomorphous. In the same way, the 
cobalt which it contains is neither precipitated with caustic soda 
nor with ammonium sulphide, but hydrochloric or sulphuric acid 
when added to its concentrated aqueous solution separates Aydro- 
cobalticyanic acid: H,CoCy,, which separates out as white needles 
on evaporation and addition of alcohol. In solutions of the salts 
of the heavy metals, potassium cobalticyanide produces insoluble 
precipitates of its various salts. The cupric compound, for ex- 
ample, is a pale-blue precipitate. 


Cobalt unites with sulphur in several proportions, and produces 
the following compounds. 

Cobaltous Sulphide: CoS, is obtained as a black amorphous 
precipitate when ammonium sulphide is added to a cobaltous salt, 
and is insoluble both in water and in dilute acids. The com- 
pound may also be obtained as a grey compact mass by heating 
a mixture of cobalt and sulphur. 

Tricobaltic Tetrasulphide: Co,S,= CoS,Co,S,, occurs in nature 
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in steel-grey octahedra of the regular system as the mineral 
 dinnaite. 

Cobalt Disulphide: CoS,, is not known in the free state, but 
‘only in combination with cobalt diarsenide as the mineral glance 
cobalt. 

Cobalt Diarsenide: CoAs,, and Cobalt Triarsenide : CoAs,, both 
occur in the mineral kingdom, the former as spersscobalt and the 
latter as sAufterudite. 


The chief application of cobalt in the arts is for the preparation 
of the stable blue pigment known as smalt. 

Smalt is a potash glass which contains cobalt oxide instead of 
‚Jime. It is prepared by fusing the partially roasted cobalt ores 
(zaffre) with quartz and potassium carbonate, The potassium 
silicate then unites with the cobalt silicate, producing a dark-blue 
glass. At the same time the compounds of sulphur and arsenic 
with the other metals (especially nickel) accompanying the cobalt 
collect at the base of the crucible, producing a speiss which is 
worked for nickel. 

The blue cobalt glass is ground to an impalpable powder, and 
used in this form as a pigment. Various shades of blue are pro- 
duced, depending chiefly on the amount of cnbalt introduced into 
-the glass, which seldom exceeds 7 or 8 per cent. 

Smalt is one of the most beautiful of blue pigments, and is, at 
the same time, the most stable. It is not bleached in light, nor ıs 
it attacked by acids or alkalies. It is not, however, available for 
all purposes where a blue pigment is required, and since the intro- 
duction of so much cheap ultramarine the demand for the more 
expensive but more stable smalt has considerably diminished. 


Detection of Cobalt Compounds. 


The intense blue colour which traces of any cobalt compound 
impart to a bead of borax, in common with other kinds of glass, 
and the fact that the blue colour is permanent both in the reduc- 
ing and in the oxidizing Name, makes it easy to detect these com- 
pounds. The salts may also be recognized by their red colour 
when hydrated and blue colour when anhydrous. Sulphuretted 
hydrogen produces no precipitate in acid solutions of cobalt salts, 
and in this way cobalt may be easily separated from copper, lead, 
and all those metals whose sulphides are precipitated from acid 
liquids by sulphuretted hydrogen. Cobaltous sulphide, like the 


. 
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corresponding sulphide of nickel, after precipitation with am- 
monium sulphide, does not redissolve in dilute hydrochloric acid, 
and may thus be separated from the sulphides of iron, manganese 
and zinc, which are easily soluble in dilute acids. 





NICKEL. 
Chemical Symbol: Ni.—Atomic Weight: 58°5. 


This metal, like cobalt, is only found native in metallic meteor- 
ites, but always in larger quantities than cobalt. The chief com- 
pound in which nickel occurs in nature is Aupfernickel or niccolite: 
NiAs, so called on account of its reddish colour. The metal is 
prepared from this and from cobalt speiss by removing the cobalt 
by a series of processes and then reducing with charcoal. 

Metallic nickel was formerly almost exclusively brought into 
trade as small cubes, obtained by heating the compressed oxide in 
charcoal ; it is now largely used in the form of rolled plates for 
the processes of’nickel-plating. This commercial metal is far from 
pure, and usually contains copper and iron as well as arsenic and 
cobalt. A purer metal may be obtained by heating the carbonate 
or oxide in a stream of hydrogen, and then fusing the spongy mass 
so produced under borax at a high temperature, 

Large deposits of nickel, in the form of a hydrated double sili- 
cate of nickel and magnesium, have recently been discovered in 
New Caledonia, and considerable quantities of the metal are now 
obtained from this source. 

Nickel is a white metal with a yellowish tinge and nearly 9'0 
specific gravity. Itis malleable and ductile and, like cobalt, faintly 
magnetic. Nickel is very difficultly fusible, and only changes 
sliehtly in moist air; when heated in the air it becomes covered 
with a thin layer of oxide. Hydrochloric and dilute sulphuric acid 
dissolve the metal slowly, with evolution of hydrogen ; nitric acid, 
when not too concentrated, converts it into the nitrate. 

Just as the hydrated cobalt salts nearly all possess a red colour, 
the nickel salts are distinguished by their green colour. Nickel 
forms two oxides: nickelous and nickelic oxide, corresponding to 
the two oxides of cobalt. 


Wickelous Oxide: NiO, is a dirty-green powder obtained by 
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heating its hydrate or carbonate. It dissolves in acids and forms 
green solutions. 
 Nückelous Hydrate : Ni/OH),, is thrown down as an apple-green 
precipitate when caustic soda is added to a nickel salt. It dries to 
a dark-green powder. 
The same precipitate is produced by ammonia, but dissolves in 
.  excess of the reagent to a blue liquid. 





Nickelic Oxide : Ni,O,, is a black powder produced on care- 
fully heating nickel nitrate. The corresponding Aydrafe Ni(ÖH,,) 
is obtained as a black amorphous powder when a salt of nickel is 
precipitated with sodium hypochlorite. Both nickelic oxide and 
hydrate dissolve in hydrochloric acid with evolution of chlorine and 
formation of nickel chloride ; and both break up when heäted into 
nickelous oxide and oxygen. 


Nickel Sulphate: SO, -O,Ni+7H,O, crystallizes from its 

solutions in emerald-green prisms. Like other sulphates of the 

_ same composition, it forms double salts with the alkaline sulphates, 

of which the ammonium compound : SO,-O,Ni+SO,(ONH ), + 
6H,0, is largely used in the arts for nickel-plating. 

Nickel Nitrate: (NO,),0,N1+6H,O, forms long green prisms, 
easily soluble in water, and deliquescing in the air. 

Nickel Carbonate—A basic carbonate is thrown down as a green 
precipitate when sodium carbonate is added to a nickel salt. The 
precipitate, like other insoluble nickel compounds, dissolves in 
ammonia or ammonium carbonate to a blue liquid. 


Nickel Chloride: NiCl,+6H,O, is deposited from its aqueous 
solution when strongly concentrated as small green crystals, which, 
when heated, lose water and become yellow. 


Nickel Cyanide: NiCy,, is thrown down asa dirty green pre- 

- cipitate when a solution of potassium cyanide is carefully added to 
a salt of nickel. The salt is insoluble in water, but dissolves easily 
in aan excess of potassium cyanide to form a double compound of 
the composition : 2KCy,NiCy,+ H,O, which crystallizes in yellow 
prisms when the solution is evaporated down. Nickel cyanide 
produces similar double salts with the cyanides of sodium, barium, 
calcium, &c., from all of which it is again precipitated by hydro- 
ehlorie acid. Potassium-nickel cyanide isnot changed when boiled 


ii 
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with an excess of potassium cyanide ; no compound corresponding 
to potassium cobalticyanide is produced, nor does such a compound 
appear to exist. 


Nickel Sulphide : NiS, is found in the mineral kingdom in fine 
hair-like crystals as the mineral mzZerite. The same compound 
is produced as a black precipitate by adding sodium sulphide to a 
solution of a nickel salt. If precipitated with ammonium sulphide 
a portion of the precipitate dissolves and forms a dark brown 
solution. 


Nickel Alloys. 


The chief use of nickel in the arts is for the manufacture of 
various alloys, the most important of which is that known as 
German-silver,argentan, or nickel-silver,and which contains copper, 
zinc, and nickel in varying proportions. If the quantity of nickel 
is considerable the alloy has a white colour, with a faint yellowish 
tinge. German-silver is used for a variety of purposes, and forms 
the basis of the better kind of silver-plated ware. The five- and 
ten-pfennig pieces of the Germans, corresponding to our half- 
pence and pence, consist of an alloy of three parts of copper and 
one part ofnickel. Alloys of nickel are also used for coinage pur- 
poses in Switzerland, Belgium, America, and Jamaica. 

In recent years considerable quantities of nickel have been 
used for the process of nickel-plating, which consists in coating 
metallic articles with a thin layer of nickel by an electric current. 
The coating of nickel much improves the appearance, and at the 
same time only rusts slowly in theair. Nickel-plating is especially 
used for articles made of iron, which, when well deposited, it effec- 
tually protects from rust. 


Detection of Nickel Compounds. 


Nickel oxide dissolves in molten glass and borax, like cobalt 
oxide, but the colour is far less characteristic. In the oxidizing 
flame the borax bead is of a yellowish-brown colou, which becomes 
grey and opaque in the reducing flame from finely-divided metallic 
nickel. 

A solution of a nickel compound is characterized by the black 
precipitate of nickel sulphide produced on the addition of ammo- 
nium sulphide, and especially that the precipitate is slightly 
soluble, forming a dirty-brown solution. In other respects nickel 
compounds closely resemble those of cobalt, except in their colour. 
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The salts ofthe two metals may be separated by the addition of 
acetic acid and potassium nitrite, when the cobalt is completely 
precipitated but the nickel remains in solution (p. 486). Salts of 
calcium, barium, and strontium must not be present, otherwise 
some of the nickel is precipitated with the cobalt. 


ZINC. 
Chemical Symbol: Zn.— Atomic Weight: 65. 


Zinc is never found free in nature, but chiefly occurs in com- 
bination with carbonic acıd as swuthsonite or calamine (rinc 
carbonate : CO-O,Zn), and united with sulphur as zzac blende 
(zinc sulphide : ZnS). A further important ore of zinc is a silicate 
called sz/iceous calamıne or willemite. Zinc is volatile at a bright 
red-heat, and its oxide cannot therefore be reduced, like iron and 
other metals, with charcoal in an ordinary furnace. All the zinc 
would then be volatilized and burnt. The zinc oxide, obtained by 
roasting any ofthe above ores in the air, is therefore heated with 
charcoal in specially constructed vessels of fireclay, resembling 
retorts, and in the cooler parts of which the volatilized zinc 
condenses. 

Commercial zinc is never pure : even when freed from other 
less volatile metals by repeated distillation, it always contains 
more or less arsenic. This impurity may, however, be removed 
by stirring small quantities of nitre into the fused metal; a con- 
siderable quantity ofthe zinc is then oxidized together with the 
arsenic, which is converted into potassium arsenate. If all the 
arsenic has not been removed during the first operation, the pro- 
cess must be repeated. The presence of arsenic in zinc is best 
detected by the aid of Marsh’s test (p. 239). 

Zine possesses very remarkable physical properties, which are 
not found inthe same degree in any other metal. Under some 
circumstances it is tough and hard, under others soft and malleable, 
or it may be so brittle as to be easily powdered, and finally it is 
known as a gas. Zinc acquires these very various properties at 
different temperatures. The bluish-white metal, with a lamellar, 
erystalline fracture and a specific gravity of 7'15, is hard and 
tough at the ordinary teraperature, and can neither be hammered 
nor rolled into plates ; for this reason zinc was for alongtime only 
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used for the preparation of brass and other alloys. The metal 
became, however, much more valuable when it was discovered 
that at the boiling-point of water—r.e. between 100° and I50°—it 
becomes soft and malleable, and can be hammered or rolled to 
thin plates. At a higher temperature, 200° and above, it is as 
brittle as antimony, and can be rubbed to powder in a hot mortar. 
Zinc melts at about 412°, and boils at a bright-red heat—.e. about 
1,000°. 

Zinc, when heated in a crucible to above its melting-point and 
then exposed to the air by opening the crucible, burns with a 
bright bluish flame, forming zinc oxide, which becomes distributed 
through the air of the room in light white focks—/ana philosophica 
of the alchemists. The non-volatile zinc oxide which remains 
behind in the crucible has a fine yellow colour, but becomes white 
when cold. 

Zince oxidizes in moist air even more readily than iron, and 
becomes covered with a thin film of zinc oxide or basic zinc car- 
bonate. But this film forms a compact layer over the metal, and 
so protects it from further oxidation that it scarcely increases in 
weight when exposed for a long time to the air. For this reason 
zinc is used for a variety of purposes for which iron, that rusts so 
easily and continuously, could not be employed. Large quantities 
of zinc are consumed in the process of galvanizing iron, which 
consists in coating iron plates or vessels with a layer of zinc, by 
immersing them in the molten metal. And one of the most 
important and useful alloys—brass—contains a large proportion 
of zinc. 

Zinc is easily dissolved by acids: hydrochlorice and dilute 
sulphuric acid evolve hydrogen when acting on the metal ; nitric 
acid produces nitric oxide, or if dilute, ammonia, and oxyammonia 
when sulphuric acid is also present (p. 188). Zinc, like iron, easily 
decomposes water at alow red heat. And, since zinc oxide forms 
compounds with the alkalies which are soluble in water, the metal 
also dissolves in caustic alkalies, and in ammonia when warmed, 
and then liberates hydrogen. 

Zinc only forms a single compound with oxygen, sulphur, or the 
halogens, respectively ; it isa dyad in all its compounds. 


Zine Oxide : ZnO.— This compound, the only oxide of zinc, is a 
soft white powder,infusible ata red heat. It is obtained by burning 
zinc in the air or by heating its hydrate, carbonate, or nitrate 


* 


Compounds of Zinc. 495 
When heated it becomes of a fine yellow colour, but is again white 
when cold. 

Zinc oxide is used in medicine for some purposes, but is chiefly 
employed as a white pigment in the place of white-lead. This zzxc- 
white does not cover so well as white-lead, but possesses the 
advantage of not blackening in the air. Sulphuretted hydrogen, 
which is contained in traces in the air of inhabited places, graduallv 
converts both the zinc and lead compounds into sulphides, of which 
lead sulphide is black, but zinc sulphide is white, and is therefore 
not noticed. 


Zine Hydrate: Zn(OH),, is obtained as a gelatinous, white 
precipitate when a small quantity of caustic soda is added to a 
solution of a zinc compound. When washed and dried it remains 
-asa white powder. The hydrate dissolves in excess of caustic 
soda and produces a soluble salt, sodzum zincate, in which zinc 
oxide plays the part of an acid. It also dissolves in ammonia. 


Zinc Sulphate, w/izte vitriol: SO,-O,Zn+7H,O, is prepared 
by dissolving zinc or zinc oxide in dilute sulphuric acid, or on the 
large scale by gently roasting blende (zinc sulphide) and extracting 
with water. It cerystallizes in large rhombic prisms, and when 
heated melts in its water of crystallization. This fused mass is 
sometimes cast into moulds, broken into pieces when cold, and so 
brought into the market for dyeing purposes. Zinc sulphate forms 
a basic sulphate when its solution is heated with zinc hydrate ; it 
unites with alkaline sulphates to form crystalline double salts—e.g. 
SO,(OK),+SO,-O,Zn +6H,0. 


Zinc Nitrate: (NO,),O,Zn + 6H ,Ö, crystallizes from its concen- 
trated aqueous solution in four-sided prisms. It is very easily 
soluble in water and deliquesces in the air; when heated it melts 
in its water of crystallization. 


Zine Carbonate : CO-O.Zn, occurs in nature as the mineral 
calamine and occasionally in rhombohedra isomorphous with 
calcite, as zinc-spar. The precipitate obtained when sodium 
carbonate is added to a solution of a zinc salt is always a basic 
salt, or, in other words, a compound of zinc carbonate and hydrate., 


Zine Chloride : ZnCl,— This salt may be obtained either by 
heating zinc in chlorine, or by evaporating an aqueous solution and 
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distilling the residue. The distillate obtained by either of these 
processes is a white translucent mass. It eagerly attracts water 
from the airand deliquesces and dissolves readily both in water and 
alcohol. Zinc chloride melts at 260° and does not appreciably 
volatilize at 400° ; it is therefore often used instead of an oil-bath 
to heat substances to a high and constant temperature. Its boil- 
ing-point is about 700°, 

An aqueous solution of zinc chloride is obtained by dissolving 
zinc in hydrochloric acid. If this solution is evaporated, a part of 
the salt is decomposed by the water into hydrochloric acid, which 
passes away, and zinc oxide, which unites with the rest of the zinc 
chloride to form a basic salt. The concentrated solution of zinc 
chloride is powerfully caustic and cannot be filtered through paper. 
It also possesses strong antiseptic properties, and is sometimes used 
to preserve wood from decay. If a concentrated solution of zinc 
chloride is made into a paste with zinc oxide, the mixture becomes 
warm and soon sets to a snow-white hard mass of an oxy-chloride. 
If finely powdered glass is added to the mixture, a very hard 
cement is obtained ; such mixtures are employed asa cheap stopping 
for decayed teeth. 


Zinc Sulphide: ZnS.— The zinc sulphide occurring in nature as 
blende is of a yellow or brown colour, but that obtained artificially 
by precipitating a solution of a zinc salt with ammonium sulphide 
is a pure white powder. Hydrochloric acid readily dissolves it, 
with evolution of sulphuretted hydrogen and formation of zinc 
chloride. Zinc sulphide is not precipitated when sulphuretted 
hydrogen is led into a solution of a zine salt acidulated with 
hydrochloric or sulphuric acid ; but the gas throws down all the 
zinc from a solution of its acetate. 


Detection of Zince Compounds. 


If any zinc compound is mixed with sodium carbonate and 
heated on a piece of charcoal in the inner blowpipe flame, the zinc 
is reduced, volatilized and burnt, and produces an incrustation on 
the charcoal which is yellow when hot, and white when cold. 
Zinc compounds are further characterized by the white precipi- 
tate which they give with ammonium sulphide. Zinc may be 
easily separated from iron, nickel, and cobalt by the addition of 
caustic soda in excess. Zinc oxide then alone dissolves, and can 
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afterwards be precipitated as white zinc sulphide by passing sulphu- 
retted hydrogen through the alkaline solution. Zinc hydrate and 
carbonate dissolve also in caustic potash, in ammonia, or in am- 
monium carbonate, and produce soluble double compounds. 





CADMIUM. 
Chemical Symbol : Cd.—Atomic Weight: 112. 


Like indium, cadmium is nearly always found associated with 
zinc in nature, but zinc ores usually contain far more cadmium 
than indium—often as much as five per cent. Cadmium is ob- 
tained as a bye-product in the extraction of zinc, and as it is more 
volatile than this metal, is found chiefly in the first portions which 
come over when the zinc is distilled. Cadmium sulphide is occa- 
sionally found as the rare mineral, greenockite. 

Cadmium is a tin-white metal, of specific gravity 8°6, melting 
at 315° and boiling at about 770°. Unlike zinc, it is soft at the 
ordinary temperature, and can be rolled into sheets or drawn into 
wire. The metal remains unaltered in the air, but burns brilliantly 
at a red-heat, producing brown vapours of cadmium oxide. It 
dissolves slowly in hydrochloric or dilute sulphuric acid, with evo- 
lution of hydrogen ; nitric acid dissolves it more readily. 

All compounds of cadmium contain the metal in the form of a 
dyad, in which respect it resembles zinc. 

Cadmium Oxide: CdO, is obtained as a brown amorphous 
powder, soluble in acids, when the metal is heated in the air or 
when the nitrate is glowed. Cadmium Hydrate: Cd(OH),, is 
thrown down as a white precipitate on adding caustic soda to a 
solution of a cadmium salt. The precipitate is insoluble in excess 
of caustic soda, and so differs from zinc hydrate;; it is, however, 
like the zine compound, easily soluble in ammonia. 

The cadmium salts, with the exception of the sulphide, are all 
colourless. 

Cadmium Sulphate : 350,0,Cd + 8H,O, forms large, colourless, 
easilysolublecrystals. Cadmium Nitrate: (NO,),0,Cd 4H,O, crys- 
tallizes in deliquescent prisms. Cadınzum Carbonate : CO.0,Cd, is 
precipitated as a white powder by adding sodium carbonate to ä 
solution of a cadmium salt. Caduuıum Chloride : CdCl, + 2H,O, 


KK 
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erystallizes in colourless prisms, which effloresce when exposed to 
the air and are easily soluble in water. Cadmium Sulphide: Cds, 
is thrown down when sulphuretted hydrogen is led into a solution 
of a cadmium salt as a bright yellow precipitate, which is insoluble 
in dilute, but dissolves in concentrated hydrochloric acid. It is 
distinguished from arsenious sulphide, which has a similar colour, 
by its insolubility in alkaline sulphides, including ammonium sul- 
phide. Cadmium sulphide is used as a stable yellow pigment. 


Detection of Cadmium Compounds. 


Compounds of cadmium when heated on charcoal in the 
inner flame of the blowpipe are reduced to the metallic state, 
but the metal at once volatilizes and burns in the outer flame, pro- 
ducing a brown incrustation of cadmium oxide on the charcoal. 

\When a current of sulphuretted hydrogen is let through an 
acid solution of a cadmium salt, a yellow precipitate of cadmium 
sulphide is produced, insoluble in alkaline sulphides (distinction 
from arsenic). This reaction serves to separate cadmium from 
zinc, which is not precipitated from its acid solutions by sulphu- 
retted hydrogen. Ifammonia is added to a solution ofa cadmium 
salt, a white precipitate of cadmium hydrate is formed, which dis- 
solves in an excess of the reagent. Caustic soda produces the 
same precipitate, but does not redissolve it when an excess is 
added. Cadmium may be separated from copper by boiling the 
mixed sulphides with dilute sulphuric acid : the cadmium sulphide 
then dissolves and the cupric sulphide remains behind. 





LEAD. 
Chemical Symbol : Pb.— Atomic Weight 207. 


The most important form in which lead occurs in nature is as 
the sulphide: PbS—the mineral galena. Lead is also found in 
smaller quantities as the sulphate—anglesite, as the carbonate— 
cerussite, and less commonly as the chromate, phosphate, and 


molybdate. 
Two processes are chiefly used for the extraction of lead from 


galena accordingly as the ore is more or less pure. The impure 
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ores are either roasted and reduced with carbon or else simply 
smelted with iron. In the latter case the iron unites with the 
sulphur, for which it has a stronger attraction than the lead, and 
forms a fusible slag of ferrous sulphide with the impurities, which 
covers the heavier reduced lead. In the second method—the so- 
called azr reduction process—the sulphur is indirectly oxidized by 
the oxygen of the air. The ore is first carefully roasted in a 
specially constructed furnace, so that one portion is converted into 
lead sulphate, another portion into lead oxide, and the rest remains 
as unchanged lead sulphide. The whole is afterwards well mixed 
and heated more strongly with exclusion of air, when the sulphur in 
the unchanged sulphide is burnt by the oxygen contained in the 
lead oxide and sulphate, and the reduced lead runs from the hearth 
of the furnace into moulds :— 


Pb5S + 2PbO = 3Pb + SO. 
PbS + SO,O, Pb = 2Pb + 2SO,. 


Lead when thus smelted often contains silver. If the quantity 
is sufficient to pay for its extraction,' the lead is converted by 
oxidation into lead oxide, the silver remaining unchanged. This 
process, called cwpellation, is performed in an oxidizing reverberit- 
tory furnace, of which the German form is shown in fig. 66. This 





Fig. 66. 


furnace consists of a porous clay hearth, on which the argentiferous 
lead, A, is placed, and which is kept fused by the heated gases 


I /.e. about one-tenth per cent, 


KK2 


500 Text-Book of Inorganic Chemistry. 


from the fire, F, whilea continuous blast of air is blown through the 
openings a, a, over the surface of the metal in order to oxidize the 
lead to lead oxide. The lead oxide melts as it is produced, and is 
partly absorbed by the porous clay, but mostly flows away by 
side openings into vessels provided to receive it. The silver, 
however, remains unoxidized, and the lead oxide is therefore free 
from this metal, except towards the end of the operation. Finally, 
when all the lead has been converted into lead oxide, and the 
silver is coated with a thin film of the oxide, beautiful iridescent 
tints are observed on its surface, due to the colours of thin plates ; 
immediately afterwards the bare surface of the molten silver flashes 
out, and the operation is over. In the English form of cupel 
furnace, the hearth is made of bone ash, and the cover is not 
moveable. The lead oxide (litharge), of which large quantities 
are produced by cupellation, is afterwards again converted into 
metallic lead by reduction with charcoal or coal. 

Two other processes are now largely used for extracting silver 
from lead, when the quantity is insufficient to pay the expense of 
cupelling. The first of these, known as Paffinson’s process, depends 
upon the fact that when fused argentiferous lead is allowed to cool 
slowly, the erystals of lead which first separate out are almost 
entirely free from silver ; and if these crystals are removed and 
the operation repeated several times, a sample of lead is at last 
obtained which is rich enough in silver to pay for cupelling. A 
second method, called Parkes’ process, is based upon the property 
of zinc to form an alloy with silver, but not with lead. If a small 
quantity of zinc is added to the molten argentiferous lead, and the 
mass allowed to cool, the alloy of zinc and silver rises to the sur- 
face and can be removed during solidification. The zinc can then 
be abstracted from this alloy by dissolving it in dilute sulphuric 
acid, or by distilling it off. 

Lead is a lustrous metal of bluish-grey colour, and soft enough 
to be cut with a knife, and to mark paper. It is malleable and 
ductile, but possesses little tenacity. The metal has a specific 
gravity of ı1°4, melts at 325°, and volatilizes at a white heat, though 
it cannot be distilled. When exposed to moist air, it becomes 
dull and coated with a thin grey layer of lead carbonate. Pure 
water containing air also attacks it and dissolves a small quantity 
ofthe lead. But if the water contains traces of certain salts dis- 
solved in it—e.g. calcium sulphate—the leaden pipes through 
which the water passes are not attacked. All lead compounds are 
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poisonous, and especially when dissolved in water, and hence 
drinking water containing only traces of dissolved lead ‚probably 
as its acid carbonate) is injurious to health. The presence of lead 
in a sample of drinking water may be readily proved by the addition 
of sulphuretted hydrogen water, or by leading a stream of the gas 
through it, when if lead is present the water becomes of a brown 
colour from the lead sulphide formed. 

Hydrochloric acid and dilute sulphuric acid scarcely act upon 
lead, either in the cold or when warmed. Hot concentrated sul- 
phuric acid dissolves lead slightly, but only so slightly that sul- 
phuric acid may be evaporated to a certain strength in leaden 
dishes (see p. 159). T'he best solvent for lead is nitrice acid, which 
dissolves it readily, producing lead nitrate and nitric peroxide. 
From this salt, or from a solution of lead acetate, zinc precipitates 
metallic lead. The lead is then deposited in lustrous crystalline 
plates, and, as the metal in this form possesses some similarity 
with leaves and boughs, it is sometimes called a * lead-tree.’ 

Lead unites with oxygen (not witb sulphur or the halogens) in 
three proportions, and produces the compounds—/ead suboside : 
Pb,O, /ead oxide: PbO, and /ead peroxide: PbO,. A fourth oxide 
is red-lead: Pb,O, or Pb,O,, which, however, must be considered 
as a compound of lead oxide and lead peroxide. 


Lead Subozide: Pb,O.— This compound, which is only of 
scientiic interest, is a dark-grey indifferent powder, and is pro- 
duced when lead oxalate is heated to 300° in an oil-bath as long as 
gas is given off. The decomposition which the oxalate then under- 
goes is represented in the equation :— 


'co . 
2 | co9:Pb = Pb, + 3C0, + Co. 


Lead suboxide, when heated in the air, is converted into lead 
oxide ; it does not unite with acids, but is decomposed by theın 
into lead oxide and lead. 


Lead Oxide, /i/harge, Massicot: PbO, occurs as a yellow or 
reddish powder, or as crystalline scales, according to the method 
used for its preparation. It easily melts, and solidifies on cooling 
to a crystalline mass. Lead oxide may be obtained by heating 
either lead hydrate, carbonate, or nitrate, or by the oxidation of 
molten lead in the air. Most of the litharge brousht into trade is 
derived from the cupellation of argentiferous lead. 
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Lead oxide is insoluble in water, but dissolves easily in nitric 
or acetic acid. It is a powerful base, and as most of its salts are 
insoluble in water, a solution of the soluble acetate is used in the 
laboratory for the detection of acids. 

Litharge islargely used in the arts : considerable quantities are 
consumed in the manufacture of flint-glass, and as a cheap glaze 
for stone and earthenware. Nearly all other lead compounds are 


prepared from it—e.g. lead acetate and nitrate, red-lead, lead- 
plaster, &c. 


Lead Hydrate: Pb(OH),, is produced as a white, voluminous 
precipitate, when a solution of lead acetate is mixed with a large 
excess of caustic soda, until the solution is strongly alkaline, and 
until a portion ofthe hydrate has been redissolved by the soda. If 
a smaller quantity of caustic soda is used than is required to com- 
pletely precipitate the lead, the lead hydrate is mixed with basic 
lead acetate ; and as sodium acetate itself has an alkaline reaction, 
the liquid must be strongly alkaline before the soda is in excess. 
Lead hydrate preserves its white colour when washed and dried. 
It is quite insoluble in water, but unites with acids more readily 
than lead oxide, and even attracts carbonic acid from the air. 
When heated it Joses water and yields lead oxide. 


Red-lead: Pb,O,=2PbO,PbO,.—If litharge (lead oxide) is 
heated in the air to about 400°, but not much above, it absorbs 
oxygen, and is converted into a bright brick-red crystalline powder. 
This substance is called red-lead or wusmum, and is used both as a 
pigment and for a number of other technical purposes. This 
oxide cannot unite with acids and form salts like lead oxide; and 
although dilute nitric acid acts upon it even in the cold, it only 
abstracts lead oxide from it, and leaves brown lead peroxide be- 
hind. Red-lead evolves chlorine when warmed with hydrochloric 
acid, owing to the lead peroxide which it contains. \When strongly 
heated it loses oxygen and is converted into yellow lead oxide. 


Lead Peroxide: PbO,— The preparation of this substance 
from red-lead by the action of dilute nitric acid has just been de- 
scribed. When repeatedly boiled and washed with water and dried, 
it remains asa brown amorphous powder, with a purple tinge— 
whence it is sometimes called the puce-coloured oxide of lead. 
lead peroxide may also be obtained by precipitating a solution of 
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lead nitrate with sodium hypochlorite. No solvent is known for 
lead peroxide ; like manganese peroxide, which it resembles in 
other points, it is not attacked by nitric acid. When warmed with 
hydrochloric acid it evolves chlorine ; and when heated alone oı 
with sulphuric acid oxygen is given off, and in the latter case, white 
insoluble lead sulphate remains behind. It unites with dry sul- 
phurous anhydride, with considerable evolution of light and heat, 
and produces the same substance (p. 152). If lead peroxide is 
warmed with nitric acid, and finely powdered sugar gradually added, 
the sugar is oxidized to carbonic acıd and water by a half of the 
oxygen contained in the peroxide, and a clear solution of lead 
nitrate is soon obtained. 


Salts of Lead.— All the salts of lead contain the metal as a 
dyad, and correspond to lead oxide ; none have yet been prepared 
containing lead in the tetrad form, although it is possible that a 
tetrachloride corresponding to the peroxide might be produced by 
the action of hydrochloric acid on the peroxide ; but if produced it 
is so unstable that its isolation is exceedingly difheult. 

Most of the lead salts are insoluble in water. Those which 
dissolve in water include the nitrate and chlorate, as well as 
the acetate. And although the acetate belongs strictly to organic 
chemistry, it is the most important soluble lead salt, and may 
well be included with the inorganic compounds. Many salts of 
lead are largely used both in the arts and in medicine. All lead 
compounds, and especially those which are soluble in water, are 
very poisonous. The soluble compounds are characterized by 
their sweet taste. 

Lead Sulphate: SO,-O,Pb, occurs in nature as the mineral 
anglesite, and may be prepared artificially by precipitating a soluble 
lead salt with dilute sulphurie acid or with a solution of a sulphate. 
It is only very slightly soluble in water and dilute acids, but hot 
concentrated sulphuric acid dissolves not inconsiderable quantities 
of it. Strong hydrochlorie acid converts it partially into lead 
chloride, with the liberation of the corresponding quantity of sul- 
phuric acid. Lead sulphate dissolves readily in basic ammonium 
tartrate, for example, when digested with tartaric acid and then 
ammonia added in excess. Ammonium sulphate also forms a 
soluble crvstalline double salt with it, which is, however, decom- 
posed by water, with separation of lead sulphate. 
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Lead Nitrate:: (NO,),O,Pb, is obtained by dissolving lead or 
lead oxide in a slight excess of nitric acid, and crystallizes from 
the solution containing free acid as colourless, transparent, hard 
octahedra, without water of crystallization. It is soluble in water, 
but insoluble in strong nitric acid, by which it is precipitated from 
its concentrated aqueous solution. If the aqueous solution is 
boiled with powdered lead oxide, some of this substance dissolves 
and produces a difficultly soluble basic salt of the composition : 
NO,-OPb(OH), which crystallizes out on cooling. Lead nitrate 
decomposes when heated into lead oxide, oxygen, and nitric oxide 


(p- 196). 


Lead Phosphate: (PO),O,Pb,, is thrown down as a white pre- 
cipitate when sodium phosphate is added to a solution of a lead 
salt. It is insoluble in water and acetic acid, and forms double 
compounds with other lead salts—e.g. the nitrate and chloride. 
The mineral Zyromorphite is a double compound of lead phosphate 
and chloride: 3(PO),O,Pb,+PbCl,, and is isomorphous with 
apatite (p. 396). 


Lead Silicates. —Silica and lead oxide may be fused together 
in almost any proportion, producing a vitreous mass of varying 
composition, which is an essential constituent of flint or lead-glass, 
and strass (p. 403). A lead silicate of definite composition has not 
yet been prepared. 


Lead Carbonate: CO-O,Pb.— The normal salt of the above 
composition is found in nature as the mineral cerzwssite, \somor- 
phous with arragonite, and may be prepared artificially as a white 
powder, insoluble in water, when a solution of lead nitrate is pre- 
cipitated with aımmonium carbonate. 


Basic Lead Carbonate, White Lead: 2CO-O,Pb+Pb/OH),. 
— Far more important than the preceding compound isa basic car- 
bonate of lead, very largely used in the arts as a white pigment. 
White lead is manufactured by a variety of methods, of which the 
following two are the most important. 

The French or English process depends upon the fact that a 
stream of carbonic acid, when led into a solution of basic lead 
acetate, precipitates the whole of the lead oxide which the salt 
contains in excess ofthe normal compound as white lead. Finely 
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_ powdered litharge (lead oxide) is boiled with dilute acetic acid 


until no more is dissolved, when the normal acetate is first obtained, 
and then the basic salt. On passing a stream of carbonic acid 
through the clear solution, a precipitate of white lead is produced 
with a solution of the normal acetate. This solution can be again 
converted into the basic acetate by boiling with litharge, and from 
this carbonic acid again throws down a further quantity of white 
lead, and soon. Thus, with a small quantity of acetic acid a large 
quantity of white lead’ can be obtained. 

A second and older method, called the Dutch process, because 
first carried on in Holland, consists also in decomposing a basic 
lead acetate with carbonic acid, but the arrangement by which thıs 
reaction is brought about is different. Plates of lead coiled into a 
spiral or cast leaden gratings are placed in earthenware pots con- 
taining a layer of strong vinegar at the bottom. The pots are then 
loosely closed with a leaden lid and imbedded in horse-dung or 
spent tan. After several weeks the vessels are withdrawn and 
opened, when the leaden plates are feund to be strongly corroded 
and covered with a loose layer of white lead. This is removed, 
and the plates returned to the pots until they are completely 
corroded away. The process by which the white lead is produced 
is asimple one. The warmth produced by the decomposition ofthe 
dung or spent tan gradually evaporates the vinegar which attacks 
the lead, and, in the presence of the oxygen of the air, produces 
basic lead acetate. The acetate is then decomposed as fast as it is 
produced by the carbonic acid evolved during the putrefaction of 
the dung orspent tan, producing white lead, which remains loosely 
adhering to the leaden plates. White lead prepared in this way is 
more highly valued as a pigment than that obtained by any other 
process. The colour is purer and it covers better. 


Lead Acetate, SugarofLead: A, O,Pb + 3H,0 = (C,H,0),O,Pb 
+3H,0.'— Normal lead acetate is obtained by dissolving litharge 
ina small excess of acetic acid, and crystallizes in colourless, trans- 
parent, glistening prisms when the solution is evaporated down. 
Ofall lead salts it is the most soluble in water ; it also dissolves in 
alcohol. 


I "The abbreviated symbol A stands for the radical of acetic acid (acetvl). 
C,H-O, and has the same relation to acetic acid: A'UH, as nitryl: NO,, has 10 
nitric acid : NO,'OH. 
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If a solution of the normal acetate is boiled with lead oxide it 
combines with this substance and produces various basic acetates, 
of which those containing the greatest quantity of the oxide are 
insoluble in water. ‘The monobasic acetate of the composition: 
A,-0,Pb+Pb/OH),=A.OPb(OH), is easily soluble in water and 
reacts alkaline. It parts with one half of its lead when carbonic 
acid is led through its solution. 


Lead Chromate:: CrO,-O,Pb, is found in nature as the 
mineral crocoisite, and may be obtained as a bright yellow powder 
by precipitating a soluble lead compound with potassium chromate 
or dichromate. This precipitated lead chromate when washed 
and dried is largely used as a yellow pigment under the name of 
chrome-yellow, It melts when heated, and at higher temperatures 
evolves oxygen. If chrome-yellow is digested with caustic potash 
or soda, or if boiled with normal potassium chromate, it loses 
chromic acid and is converted into a basic lead chromate of a 
bright red colour and the composition: CrO,-O,Pb+PbO. This 
substance is the chrome-red of commerce, and is also largely used 
as a pigment. 


Lead Chloride: PhC],.— This salt, which is only slightly 
soluble in cold water but more in hot water, is deposited as a 
heavy white precipitate when hydrochloric acid or a soluble 
chloride is added to a solution of lead acetate. It crystallizes 
from its hot saturated solution in colourless lustrous scales or 
needles. When strongly heated, the salt melts, and solidifies on 
cooling to a horny mass which may be cut with a knife. 

Lead chloride unites with lead oxide in varying proportions 
and produces different basic chlorides or oxychlorides. One of 
these is Casse/ yellow ; it is prepared by heating a mixture of 
litharge and sal-ammoniac, and is used as a pigment. Another 
oxychloride, of the composition : PbC1,PbO, is the mineral wzat- 
lockfte, If an aqueous solution of lead chloride is boiled with lead 
hydrate, the whole of the former salt is precipitated as insoluble 
oxychloride. 


Lead Iodide: Pbl,, is thrown down as a pale yellow precipi- 
tate when potassium iodide is added to a solution of lead acetate. 
It is nearly insoluble in cold water, but boiling water dissolves it 
slightly. This hot solution is colourless, but on cooling deposits 
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e dissolved lead iodide in lustrous golden scales. Lead iodide 
orms a double compound with potassium iodide. 


Lead Cyanide : PbCy,, is a white locculent precipitate obtained 
N by adding potassium cyanide to lead acetate. It readily dissolves 
in an excess of potassium cyanide, and the solution then contains 


the double salt: 2KCy,PbCy.,. 


Lead Sulphide : PLS, occurs in nature as gulena, the most 
_  abundant ore of lead. Galena is found either in compact masses 
of a grey colour, or else cıystallized as cubes, usually with sub- 
_  ordinate faces of the octahedron. 
The same compound may be obtained as a black amorphous 
_ precipitate by leading a stream of sulphuretted hydrogen into a 
solution of a lead salt. The precipitate retains its colour when 
dry, and if heated out of access of air, melts without decomposition; 
but if roasted in the air both sulphur and lead undergo oxidation, 
and there are produced sulphurous anl.ydride with lead oxide and 
_ sulphate. Lead sulphide is scarcely attacked by hydrochloric acid. 
Dilute nitric acid dissolves it with formation of lead nitrate and 
free sulphur. Concentrated nitrice acid converts it into the white 
sulphate, as the sulphur is then oxidized. 

Numerous double sulphides of lead and other metals, especially 
antimony, are found in nature; the minerals zunkenzte, Jamesonite, 
and bowlungerite, are all double sulphides of lead and antimony in 
varying proportions. 


Besides the salts of lead oxide in which this compound plays 
the part of a base, others are known in which it is combined with 
strong bases as an acid. These compounds—called plumbates— 
are produced by digesting lead hydrate with the aqueous alkalies 
or with lime- or baryta-water, in which the hydrate easily dis- 
solves. The salts so obtained—e.g. potassium plumbate, of the 
probable composition Pb(OK),—have not yet been prepared pure 
enough to determine their exact composition, 


Alloys of Lead.— Metallic lead is not only used alone for the 
manufacture of water-pipes, for covering roofs, and for sulphuric 
acid chambers, but it isalso a constituent of many important alloys. 
One of these is /Zype-metal, an alloy of lead and antimony. German 
type-metal contains from 10 to 25 parts of antimony to 100 parts of 
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lead, while that used in England contains about 30 parts of antimony 
and 530 parts of tin to 100 parts of lead, and sometimes a little 
copper as well. The larger the quantity of antimony, the harder 
and more brittle is the alloy produced. The addition of a small 
quantity of arsenic (at most 0'8 per cent.) to lead makes it suitable 

for the manufacture of sAof. The alloys of lead and tin are de- 
scribed under the latter metal. 





Detection of Lead Compounds. 


Scarcely any other metal can be so easily detected and separated 
aslead. Any compound of lead when mixed with sodium carbonate 
and heated on charcoal in the reducing flame of the blowpipe 
yields small soft globules of metallic lead, which mark paper, 
and which are converted into yellow lead oxide in the oxidizing 
tlame. In the borax bead, as in other forms of molten glass, lead 
oxide dissolves without imparting any colour. 

Sulphuretted hydrogen when passed through a neutral or acid 
solution of a lead salt precipitates black lead sulphide. The same 
solution gives a white precipitate of lead sulphate with dilute 
sulphurie acıd, a white precipitate of lead chloride with hydro- 
chlorie acid, which dissolves in hot water, and crystallizes out in 
needles on cooling, a yellow precipitate of lead iodide with potas- 
sium iodide, and a white precipitate of lead hydrate with caustic 
soda, soluble in excess of the reagent. Ammonia produces no pre- 
eipitate when added to a solution of lead acetate or only a slight 
one, after some time, but at once throws down basic lead nitrate 
when added to a solution of lead nitrate. The yellow precipitate 
which is obtained when potassium dichromate is added to a lead 
salt is also produced with a bismuth salt, but lead chromate may 
be distinguished from the bismuth salt by its solubility in caustic 
soda. 

The separation of lead from the other metals precipitated from 
their acid solutions by sulphuretted hydrogen is best effected by 
the addition of sulphuric acid and alcohol. Lead sulphate is 
slightly soluble in water, less in dilute sulphuric acid, and insoluble 
in alcohol. 
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THALLIUM. 
Chemical Symbol : Tl,— Atomic Weight : 204. 


This remarkable element occupies an altogether anomalous 
position among other metals, for it unites in itself the chemical and 
physical properties of two groups of metals which are as different 
as possible from one another. On the one hand it has much 
similarity with lead and silver, and on the other with the alkali- 
metals, especially potassium. 

It resembles leacd in possessing nearly the same atomic weight 
and sperific gravity, and in its difficultly soluble chloride and 
insoluble iodide. Its sulphate is also difficultly soluble in water, 
though not to such an extent as lead sulphate ; its neutral solutions 
are precipitated by sulphuretted hydrogen, and the metal is set 
free from its soluble salts by metallic zinc. 

It differs from lead, but resembles silver and potassium, in its 
atomieity, which in the above compounds is always unity, and is 
similar to potassium in many other points. Although it does not 
decompose water like potassium, it easily dissolves in water con- 
taining air, and produces thallium hydrate, which is readily soluble 
in water, and of which the solution reacts strongly alkaline. Still 
more remarkable is the fact that a metal so similar to lead as 
thallium should possess a carbonate soluble in water, and even 
reacting alkaline. Twenty-five years ago, when thallium was un- 
known, it was universally held that only the alkali-metals yield 
soluble carbonates, and it was not thought possible that the car- 
bonate of a heavy metal could be soluble in water ; still less was 
it imagined that the sulphate of a heavy metal could displace 
potassium sulphate in common alum without changing the physical 
properties of the salt. We now know that thallous carbonate is 
soluble in water, giving an alkaline solution, and that thallous 
sulphate can unite with aluminium sulphate and produce a true 
alum. And further, thallous chloride, just like potassium chloride, 


can unite with platinum chloride, and produce a double salt inso- 
luble in water. 


Thallium is a rare element, and although present in many ores 
and mineral waters, is only found in minute quantities. The 
mineral richest in thallium is vookeszte (called after Crookes, the 
discoverer of the element), which contains about 18 per cent. of 
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the metal, but which is extremely rare. Thallium is best prepared 
from some varieties of iron or copper pyrites. When pyrites con- 
taining traces of the metal is used for the manufacture of sulphurie 
acid, the thallium passes over with the gases, and is then contained 
in the flue-dust or in the deposit which forms on the floor of the 
leaden chambers. This flue-dust or deposit when boiled with 
dilute sulphuric acid yields an impure solution of thallous sulphate, 
which when evaporated down and mixed with hydrochloric acid 
gives a precipitate of thallous chloride. This precipitate is filtered 
off, well washed with cold water, and then decomposed with con- 
centrated sulphuric acid, which converts it into thallous sul- 
phate. On dissolving this salt in water and dipping a plate of 
zinc (free from lead) into it, the thallium is precipitated as a 
erystalline, spongy mass, which is then pressed together and fused 
in a crucible. 

Thallium so obtained is of a tin-white colour when freshly cut ; 
it is very soft, and, like lead, may be cut with a knife or even 
scratched with the nail, and easily marks paper. It has a specific 
gravity of 11°9, melts at 290°, and volatilizes at a red heat. Thal- 
lium readily oxidizes when exposed to the air and becomes covered 
with a thin layer of oxide, but, notwithstanding its strong attraction 
for oxygen, it does not decompose water even at the boiling tem- 
perature. It preserves its bright surface under water which has 
been freed from dissolved air by boiling, and is therefore best kept 
under this liquid. But if the water is exposed to the air the 
thallium gradually becomes converted into thallous hydrate and 
thallous carbonate, both of which dissolve in the water. It easily 
dissolves in dilute nitric or sulphuric acid, but less readily in 
hydrochloric acid on account of the insolubility of its chloride. 

With oxygen, sulphur, and the halogens, thallium forms two 
series of compounds—the thallous and thallic compounds. In 
the former it is amonad element, and in the latter a triad. The 
former (thallous) series of compounds are the more stable, and 
thallous oxide is a much stronger base than thallic oxide. All 
thallium compounds are poisonous. 

If thallium is allowed to remain for a long time under water 
which has access to air or oxygen free from carbonic acid, the 
aqueous solution becomes strongly alkaline from the Aallous 
/iydrate TIOH, which has been produced. When this solution 
is evaporated down, the hydrate crystallizes out in yellow rhombic 
prisms with ı molecule of water. The same substance may be 
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_ more easily obtained by precipitating a solution of thallous sul- 
_ phate with baryta-water, filtering off the barium sulphate produced, 
and evaporating the clear solution. It is soluble both in water 
and alcohol. When heated to 100° it decomposes into water and 
thallous oxide: T1,O, which forms a black powder, melting at 
about 300° to a dark yellow liquid. The oxide attracts moisture 
from the air and is again converted into the hydrate. 


Thallous Sulphate: SO OT], erystallizes in colourless 
rhombic prisms isomorphous with potassium sulphate, and unites 
i Aer i : SO,\0,Al 
w F l: - a 
ith aluminium sulphate to form /hallium-alum so.jon 


ir 
ı2H,O (p.425). An acid sulphate : SO, | en is also known. 


Thallous Phosphate : PO/OTI).— If a neutral solution of a 
thallous salt is mixed with sodium phosphate and a few drops of 
ammonia added, thallous phosphate sonn begins to erystallize out, 
and afterwards nearly fills the vessel. The crystals are long, 
glistening prisms, of the above composition, and almost insoluble 
in water containing a trace of ammonia. 


Thallous Carbonate : CO(OT])., is obtained by saturatiny Aa 
solution of thallous hydrate with carbonic acid, and cerystallizes in 
colourless lustrous prisms when the solution is evaporated down. 
It is tolerably easily soluble in water, and the solution reacts alka- 
line. It loses carbonic acid when heated, and is converted into 
thallous oxide. 


Thallous Chloride: TIC], is thrown down as a white curdy 
precipitate when a solution of a thallous salt is mixed with hydro- 
chloric acid. It is scarcely soluble in cold water, but dissoives 
more readily when heated. It easily melts when heated and then 
volatilizes. Thallous chloride when mixed with platinie chloride 
forms a yellow insoluble double chloride of the composition : 
2TIC1,PtCl,, corresponding to the compound of potassium and 
platinic chlorides. 


Thallous Iodide: TII, like lead and silver iodides, is nearl!y 
insoluble in water, and is produced as a yellow amorphous pre- 
cipitate when potassium iodide is added to a solution of a thallous 
salt. 
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Thallous Sulphide: T1,S, is obtained as a black precipitate 
when excess of ammonium sulphide is added to a solution of a 
thallous salt, and is insoluble in excess of the reagent. Sulphu- 
retted hydrogen produces the same precipitate in a solution of 
thallous acetate. 


Thallice Compounds.-— Thallic hydrate and oxide, unlike the 
corresponding thallous compounds, are insoluble in water, but are 
dissolved by acids to form soluble thallic salts. Zhallic hydrate: 
TIO(OH), is produced as a brown amorphous powder when freshly 
precipitated thallous chloride is digested with an excess of sodium 
hypochlorite. At 100° it breaks up into water and /hallic oxide; 
TI,O,, a black powder insoluble in water, but dissolving in hydro- 
chloric acid to form thallic chloride. \Vhen heated with concen- 
trated sulphuric acid, oxygen is given off and thallous sulphate 
remains behind ; when heated alone it breaks up into thallous 
oxide and oxygen. 


Thallic Sulphate : (SO,),O,Tl,’’+7H,O, crystallizes in colour- 
less thin scales when a solution of thallic hydrate in dilute sul- 
phuric acid is evaporated down. It loses only 6 molecules of water 
when heated to 220°, and is decomposed by water even in the cold, 
with separation of thallic hydrate. It forms a difficultly soluble 
double salt with potassium sulphate, which, however, is not a true 
alum. 


Thallic Chloride : TIC],, is produced when thallous chloride is 
gently heated ina stream of chlorine, or when thallic hydrate is 
dissolved in hydrochloric acid. On evaporating its solution it 
cerystallizes in easily soluble, deliquescent prisms, which decom- 
pose, when heated, into thallous chloride and free chlorine. 


Thallic Sulphide: Tl,S,, may be obtained by fusing thallium 
with an excess of sulphur. It then forms a black soft mass, which 
easily melts, and is brittle at low temperatures. 


Detection of Thallium Compounds. 


The compounds of thallium possess such characteristic proper- 
ties, that it is an easy matter to detect them, and to separate them 
from the compounds of other metals. The non-precipitation of 
thallium compounds by sulphuretted hydrogen from their acid 
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lutions, the solubility of thallous sulphate in hot water, the in- 

 solubility of the chloride and iodide, and the solubility of thallous 
'hydrate and carbonate in water, offer the best means of detection 

_ and separation. 

h Minute traces of thallium can be readily recognized with the 
spectroscope ; its spectrum consists of a single intense green line 
(seetable). It was this property of thallium which led to its dis- 
‚covery, and from which it derived its name (duAXos=a green 
‚twig). 


BISMUTH. 
Chemical Symbol: Bi\.— Atomic Weight: 210. 


*  Bismuth is only sparsely distributed in nature, and nearly 
‚always occurs in the free state. From the earthy impurities which 
accompany it, the metal is separated either by simply melting it in 
inclined iron tubes, or else by roasting in the air, and then heating 
with carbon and a slag insuitable crucibles. Commercial bismuth 
always contains traces of other metals, including arsenic. It may 
be purified by fusion with nitre, which converts the arsenic into 

- potassium arsenate and oxidizes other impurities. To prepare pure 
bismuth, a solution of its nitrate is precipitated with much water, 
which gives an insoluble basic nitrate, and this, when washed, 
dried, and reduced with a mixture of sodium carbonate and char- 
coal, yields the pure metal. 

’ Bismuth is a greyish-white metal, with a reddish tinge ; it is 
brittle, and can therefore be easily powdered, and crystallizes very 
easily. If bismuth is fused in a crucible, and when partiy solidi- 
fied, the crust at the top broken, the still liquid metal poured out, 
and the crucible broken open when cold, its sides are found 
covered with beautiful iridescent crystals of bismuth, just as 
erystals of monoclinic sulphur are obtained in the same way. The 
colour of the crystals is due to a thin layer of oxide, with which the 
metal becomes covered when the air enters the crucible. The 
erystals are rhombohedra, the angle of which so closely approaches 
that of the cube, that bismuth was formerly thought to crystallize 
in the regular system. 

Bismuth has a specific gravity of 9°8, and melts at aslow a tem- 
perature as 264°; it shares with water the property of expanding 
considerably on passing from the liquid to the solid state. At high 
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temperatures it volatilizes, but cannot be distilled, and burns when 
heated strongly in the air, producing yellow bismuth oxide. Hydro- 
chloric acid does not attack the metal, and sulphuric acid scarcely 
dissolves it, but it is at once dissolved by nitric acid, or by aqua 
regia, and converted into bismuth nitrate or chloride respectively. 

Bismuth unites with oxygen in three proportions and forms the 
compounds bismuth suboxide: BiO, bismuth oxide : Bi,O,, and 
bismuth pentoxide or bismuthic anhydride (unknown in the free 
state) : Bi,O,. Ofthese, bismuth oxide is the only important com- 
pound. 


Bismuth Suboxide: BiO, separates as a grey precipitate when 
caustic soda is added to a mixture of bismuth chloride and 
stannous chloride. By the action of the caustic soda, stannous 
hydrate and bismuth hydrate are first produced, and the former 
then abstracts oxygen from the latter, forming stannic hydrate, 
which remains dissolved in the excess of soda, and bismuth sub- 
oxide. Like other suboxides, it isconverted by acids into a bismuth 
salt and free bismuth. 


Bismuth Oxide: Bi,O,, remains as a yellow powder, similar to 
lead oxide, when basic bismuth nitrate is heated to redness. It 
melts at a higher temperature, and then solidifies to a crystalline 
masson cooling. Itdissolves easily in hydrochloric, nitric, or sul- 
phuric acid, producing the corresponding bismuth salts. 


Bismuth Hydrate: BiO(OH), is thrown down as a white preci- 
pitate when a solution of a bismuth salt is mixed with caustic soda. 
It dissolves easily in acids, but not in an excess of caustic soda. 
When dry it forms a white powder, which is converted into yellow 
bismuth oxide on heating. 


Bismuthic Acid: Bi,O,+xH,O, has not been much investigated, 
and is possibly a peroxide. It is obtained as a red heavy powder 
when chlorine is led through dilute caustic soda containing white 
bismuth hydrate in suspension, and is afterwards freed from alkali 
by washing with a dilute acid. It evolvesoxygen when heated and 
sets free chlorine from hydrochloric acid. 


Bismuth oxide, like other sesquioxides, is onlya weak base, and 
is partly separated from its salts by water, which in this case plays 
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the part of a base. Only a small number of bismuth salts are 
known. 


Bismuth Nitrate: (NO ),O,Bi + 5H,O.— Metallic bismuth dis- 
solves easily in nitric acid, with evolution of nitric peroxide, and on 
evaporating the clear solution large colourless crystals of bismuth 
nitrate of the above composition separate out. The salt dissolves 
in a small quantity of water, especially if a little nitric acid is added, 
but a large quantity decomposes the salt like antimony trichloride, 
and produces a white crystalline precipitate consisting of delicate 
silky scales. This substance is basic bismuth nitrate, of the com- 
position :— 

NO,-OBi(OH), or (NO,),O,Bi + 2Bi(OH),. 

It is largely used in medicine in cases of cholera and chronic 

diarrhaa, and is also emmployed as a cosmetic. 


Bismuth Chromate is deposited as a bright yellow precipitate, 
resembling lead chromate, when a so.ution of bismuth nitrate is 
mixed with one of potassium chromate. It is distinguished from 
the lead salt by its insolubility in a large excess of caustic soda. 


Bismuth Chloride: BiCl,.— If bismuth is heated in a retort 
and dry chlorine led into it, it burns and forms bismuth chloride, 
which distils over as a viscid liquid, and solidifies on cooling to a 
white crystalline mass. It boils at about 430°. The same com- 
pound may also be obtained by dissolving bismuth in aqua regia, 
evaporating to dryness, and distilling. It deliquesces in the air, 
and is decomposed by water, like the nitrate, producing a white 
erystalline powder of insoluble daszc bismuth chloride (bismuth 
oxychloride) : BIOCI. 


Bismuth Sulphide: Di,S,, occurs in nature as the mineral 
bismuthinite, and is thrown down as a dark-brown precipitate 
when sulphuretted hydrogen is led into a solution of a bismuth 
salt. It may also be prepared by fusing together bismuth and 
sulphur. 


Detection of Bismuth Compounds.— Bismuth, like lead, may 
be easily reduced by heating any of its compounds with sodium 
carbonate on charcoal in the reducing flame of the blowpipe, and 
the globules of metal are easily oxidized in the outer Name to yellow 

Li2 
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bismuth oxide, resembling lead oxide. The globules of reduced 
bismuth are, however, brittle, while those of lead are soft and 
malleable. 

Solutions of bismuth salts give, like lead, a black precipitate with 
sulphuretted hydrogen, but a solution of a bismuth salt gives a 
white precipitate of a basic salt when poured into water, and yields 
no precipitate when mixed with sulphuric or hydrochloric acid. 
Further, the precipitate of bismuth hydrate obtained with caustic 
soda is not soluble in excess. 

Bismuth oxychloride may be distinguished from the corres- 
ponding compound of antimony by its insolubility in a strong 
solution of tartaric acid, in which the latter easily dissolves. 





TIN. 
Chemical Symbol: Sn.— Atomic Weight: 113. 


Tin belongs to those few metals which have been known from 
the earliest times, and this is all the more remarkable as the metal 
never occurs native, and its ores are only sparingly found in nature. 
For the extraction of tin only one mineral is used—viz. casszter ite 
or finstone, consisting of stannic oxide, with the composition : 
SnO,. This mineral is found in large quantities in Cornwall, in the 
Erzgebirge (Saxony and Bohemia), and other European localities, 
as well as in Banca, the Malay Peninsula, Peru, and Australia. 
The extraction of the metal from its ore is a very simple process. 
The tin-stone is first roasted to get rid of arsenic and sulphur, then 
stamped to powder and washed with water to remove the lighter 
earthy impurities, and finally smelted with anthracite or powdered 
charcoal ina reverberatory furnace. The reduced tin, wbich sinks 
to the bottom of the hearth, is then withdrawn and refined by re- 
melting in iron pots and stirring with a green pole. Commercial 
tin is always more or less impure, and often contains arsenic. The 
pure metal is easily obtained by heating pure stannic oxide and 
charcoal in a crucible, with the addition of a little borax or some 
similar flux. 

Tin is a white metal, resembling silver, with a brilliant lustre, 
and a specific gravity of 7'3. It is soft and very malleable, so that 
it can be hammered out into thin foil (tin-foil), but possesses little 
tenacity. Up to 100° its malleability increases, but when heated 
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above this it becomes less malleable, and is even brittle at 200°. 
Advantage is taken of this property to produce what is called 
grain-LUn—i.e. tin which has been heated to about 200° and broken 
to pieces under the hammer. Tin melts at 228°, and when broken 
shows a crystalline fracture. It is well known that a bar of tin 
when bent emits a peculiar noise—the so-called cry of fin, which 
is probably produced by the friction of the crystals of tin over one 
another. Commercial tin, when grasped inthe hand, imparts to the 
skin a peculiar odour, not possessed by the metal itself. 

At the ordinary temperature, tin remains unchanged in the 
air, but becomes covered with a thin crust of white oxide when 
exposed to the air in the fused state. At a white heat it burns 
with a bright white light. Hot concentrated hydrochloric acid 
dissolves tin with evolution of hydrogen and produces stannous 
chloride ; the metal also dissolves in hot strong sulphuric acid, 
forming stannous sulphate and giving off sulphurous acid. Aqua 
regia dissolves the metal and forms stannic chloride. Ordinary 
concentrated nitric acid oxidizes the metal, with the production 
of large quantities of brown fumes and formation of white stannic 
oxide, insoluble both in water and nitric acid. Finally, tin is 
also dissolved when heated with caustic potash ; hydrogen is 
then set free and a solution of potassium stannate produced. 


The compounds of tin are divided into two classes—the stan- 
nous and the stannic compounds. In. the former the metal is a 
dyad, in the latter a tetrad. 


Stannous Compounds. 


Stannous Oxide: SnO.—The precipitate of white stannous 
hydrate obtained when caustic soda is added to stannous chloride 
easily dissolves in an excess of soda, and produces sodium stannite. 
If the alkaline solution is boiled it undergoes decomposition, and 
a black erystalline precipitate of stannous oxide is thrown down. 
After washing and drying, the compound remains unchanged in 
the air. If, however, the solution of stannous chloride is precipi- 
tated with sodium carbonate instead of caustic soda, the white 
stannous hydrate: Sn(OH),, which is now produced (together with 
free carbonic acid) behaves differently and oxidizes in the air to 
stannic oxide. 

‘The oxysalts of stannous oxide are but little known. Stamnous 
sulphate : SO,-O,Sn, may be prepared by dissolving tin in hot con- 
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centrated sulphuric acid, and is then deposited in crystalline plates 
wben the solution cools. When its aqueous solution is boiled it 
undergoes decomposition, with formation of a basic salt. 


Stannous Chloride: SnCl,.—Tin when heated in dry hydro- 
chloric acid gas is gradually converted into a white crystalline mass 
of stannous chloride, which melts at 250° and sublimes at a higher 
temperature. Stannous chloride is, however, usually prepared by 
dissolving tin in hydrochloric acid, an operation which may be con- 
siderably accelerated by the addition of a few scraps of platinum 
foil or of afew drops of platinum chloride, which is at once reduced 
to metallic platinum. The contact öf the platinum with the tin 
makes the latter far more electro-positive and causes it to dissolve 
more quickly.' On evaporating the solution of stannous chloride 
the salt erystallizes out with two molecules of water as the com- 
pound:: SnCl,+2H,O. This salt is manufactured on a large scale, 
and is brought into trade under the name of Zin-salt. The readi- 
ness with which stannous chloride passes into stannic chloride 
makes it a powerful reducing agent. Mercuric chloride is at once 
reduced by it to mercurous chloride, and on warming to metallic 
mercury, while the stannous chloride becomes stannic chloride. 
An aqueous solution of stannous chloride becomes turbid when ex- 
posed to the air, and gradually deposits a basic stannic chloride. 

Stannous chloride is largely used in dyeing and for purposes of 
reduction. 


Stannous Sulphide : SnS.— On heating a mixture of tin-filings 
with an excess of sulphur in a closed crucible the two substances 
unite and form dark-grey, lustrous scales of stannous sulphide. 
The same compound is obtained as a dark-brown precipitate when 
sulphuretted hydrogen is led into a solution of stannous chloride. 
The precipitate dissolves in hydrochlori:: acid with evolution of 


! The action of the platinum, which is deposited in a finely divided state on 
the tin, may be thus explained. Bach particle of the platinum forms a galvanic 
couple with a corresponding particle of tin, and a series of tiny electrie currents 
circulate between the particles of the two metals ard the liquid in their neigh- 
bourhood. The production of these currents necessitates a more rapid solution 
of the tin than when the platinum is absent, and they are consequently not pro- 
duced. Other similar cowples, as this arrangement has been called, are also 
occasionally used. Thus, a copper-zine couple, prepared by treating zinc Toil 
with a very dilute solution of copper sulphate, reduces many substances which 
zinc alone does not attack, or only very slowly.—ED. 
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sulphuretted hydrogen, but is insoluble in pure, freshly-prepared 
ammonium sulphide, and is so distinguished from stannic sulphide, 
which at once gives a soluble compound with ammonium sulphide. 
Stannous sulphide at once dissolves in ordinary yellow ammonium 
sulphide, because this compound contains dissolved sulphur, which 
converts the stannous sulphide into stannic sulphide, and this dis- 
solves in the ammonium sulphide. 


Stannic Compounds, 


Stannic Oxide : SnO,, constitutes the mineral casszterzte or fin- 
stone, and is found either in compact masses or else in brown quad- 
ratic crystals. It may be obtained as a white amorphous powder 
by burning tin in the air or by heating stannic hydrate. In the 
erystalline state it is formed when the vapours of stannic chloride 
and water are led through a red-hot porcelain tube. Stannic oxide 
is insoluble in acids, and is not attacked when fused with acid 
potassium sulphate, but may be converted into soluble sodium 
stannate by fusion with caustic soda or sodium carbonate. Stannic 
oxide has far more the character of an acid than of a base, 


Stannic Hydrate.—Several hydrates of stannie oxide areknown, 
and are all weak acids and very weak bases. If tin is warmed 
with moderately strong nitric acid, a violent reaction ensues, tor- 
rents of nitric peroxide are evolved, and a white insoluble powder 
of metastonnic acid, of the probable composition: Sn(OH),, re- 
mains behind. This hydrate is insoluble in water and nitric acid, 
but is converted by strong hydrochloric acid into a gelatinous mass 
soluble in water. The solution in water contains stannic chloride, 
and on the addition of sulphuric acid a white precipitate of stannic 
sulphate is obtained. This is an unstable compound, from which 
water again abstracts all the sulphuric acid. Metastannic acid, 
when heated to 100°, loses water and becomes converted into 
a compound having the composition: SnO(OH),, but which is 
different from stannic acid; at a red heat both this compound 
and metastannice acid are converted into stannic oxide. Meta- 
stannic acid when digested with cold caustic soda forms sodzuz 
metastannete, a slightly soluble salt of which the composition is 
uncertain. But if the hydrate is boiled with caustic soda an 
easily soluble salt is formed, which can be obtained in the 
erystalline form, and which is known as sodrum stannate, of the 
composition: SnO(ONa,,. The same salt ıs also produced when 
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stannic oxide is fused with caustic soda. It is largely used in 
calico-printing. 

The corresponding Jotassium stannate : SnO(OK), + 3H,O, is 
obtained in the same way as the sodium compound. It is insoluble 
in caustic potash, but soluble in water, and is deposited in colourless 
erystals ; its solution reacts strongly alkaline. 

A second variety of stannic hydrate is known under the name 
of stannic acid, the composition of which is probably : SnO(OH), 
corresponding to the above stannates. It is obtained as a white, 
voluminous precipitate when stannic chloride is mixed with sodium 
carbonate. Stannic acid is insoluble in water, but dissolves easily 
in strong hydrochloric or nitric acid as well as in caustic soda. 
The acid solution when boiled gradually deposits stannic acid, 
provided too much free acid is not present. Stannic acid, when 
kept for some time under water, becomes insoluble in nitric acid. 


Stannie Chloride: SnCl.— This volatile liquid, which was 
previously known as Sprrzitus Libavii fumnans, is obtained when 
tin is heated in a retort and chlorine passed over it. The dis- 
tillate when purified by redistillation is a colourless heavy liquid 
of specific gravity 228, and boiling at 114°. It fumes strongly in 
moist air, almost as much as sulphuric anhydride, and hisses when 
dropped into water, forming the hydrated salt: SnCl,+3H,0, 
which cerystallizes out. A dilute aqueous solution is decomposed 
on boiling, with separation of stannic hydrate. A solution of stannic 
chloride is best obtained by dissolving tin in aqua regia. 

Stannic chloride unites with the alkaline chlorides and forms 
erystalline double salts. The double compound with ammonium 
chloride: SnCl,+2NH,CI, is used by calico-printers under the 
name of frnk-salt. 


Stannic Sulphide : SnS,, is obtained as a yellow amorphous 
precipitate when sulphuretted hydrogen is led through a not too 
acid solution of stannic chloride. It is insoluble in water, but 
dissolves in strong hydrochloric acid. Hot concentrated nitric 
acid oxidizes it to stannic hydrate and sulphuric acid. Stannic 
sulphide possesses the character of a sulpho-acid, and as such easily 
dissolves in ammonium sulphide, producing soluble amımonzwm 
sulphostannate, which is easily decomposed by acids with re-sepa- 
ration of stannic sulphide. 

Stannic sulphide is prepared in the dry way as golden scales 
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by heating together tin and sulphur with volatile substances—such 
as mercury and ammonium chloride—which, by their volatilization, 
appear to prevent the temperature rising high enough to decompose 
stannic sulphide into stannous sulphide and sulphur. A solid 
amalgam of tin is first prepared by adding six parts of mercury to 
twelve parts of molten tin. This is powdered when cold, mixed 
with seven parts of lowers of sulphur and six parts of ammonium 
chloride, and the mixture introduced into a glass flask, the mouth 
of which is loosely closed by a piece of chalk. The Hlask is next 
placed in a crucible surrounded with sand and heated in a good 
drausht to low redness. During the process mercuric chloride, 
ammonium and stannic chlorides sublime, and at the bottom 
of the flask is found the stannic sulphide as a loose mass of a 
golden-yellow colour. The substance so prepared is called mosazc 
‚gold , itis much more stable than the precipitated sulphide, being 
scarcely attacked by strong hydrochloric or nitric acid. 

Mosaic gold is used for a number of technical purposes, but 
chiefly for cheap gilding. 


More important than the technical applications of the com- 
pounds of tin are those of the metal itself, either alone or alloyed 
with other metals. Considerable quantities of tin are consumed in 
the manufacture of Zin-plate—i.e. iron plates coated with a thin 
layer of tin ; copper vessels are tinned internally, and tin-foil is 
largely used for packing small articles. Tin-foil usually contains 
traces of copper, which gives it greater tenacity. Not unfrequently 
it also contains lead, which may produce very deleterious effects if 
articles of food are packed in the foil. Not only is lead more 
easily attacked by the acids in the food than tin, but the compounds 
of lead are far more injurious when introduced into the system than 
those of tin. i 


Alloys of Tin.— Different alloys of lead and tin—-known as 
pewrter—are used for the manufacture of various vessels, and as a 
basis for the cheaper silver-plated articles; common pewter con- 
tains about four parts of tin to one of lead. Common so/f-solder, 
chiefiy used for soldering tin-plate, is an alloy of 2 parts of tin 
with ı part of lead, and melts at about 180°, or of equal parts of the 
two metals, with a melting-point of about 200°. Britanmia-metal, 
a better kind of pewter, is essentially an alloy of about 9 parts 
of tin with ı part of antimony. The various alloys of tin with 
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copper, bronze, &c., will be described under the latter metal; 
an amalgam of tin is used for silvering looking-glasses. By melt- 
ing together tin with other easily fusible metals—e.g. lead, bis- 
muth, and cadmium—alloys are obtained with very low melting 
points, and which are largely used in the process of stereotyping. 
An alloy of ı part of lead, ı part of tin,and 2 parts of bismuth 
(fusible metal), melts at 95° ; and one consisting of 4 parts of 
bismuth, 2 parts of lead, ı part of tin, and ı part of cadmium 
(Wood’s metal), melts at about 68°, 





Detection of Tin Compounds,. 


Tin and antimony are the only elements which are converted 
by nitric acid into insoluble white oxides ; of these the antimony 
compound may be distinguished by its solubility in a solution of 
tartaric acid, which leaves the stannic oxide undissolved. Tin itself 
may be distinguished from antimony by its solubility in hydro- 
chloric acid, which does not attack the latter substance. Stannous 
compounds, in consequence of the readiness with which they pass 
into the stannıc form, are powerful reducing agents. Stannous 
chloride preeipitates mercury and gold from solutions of their salts, 
the latter even in the cold. With sulphuretted hydrogen stannous 
salts give a dark-brown precipitate of stannous sulphide, and the 
same reagent throws down yellow stannic sulphide when led 
through solutions of the stannic salts. Both sulphides dissolve in 
yellow ammonium sulphide. Stannic oxide has more the character 
ofan acid than a base ; even stannous oxide possesses faint acid 
properties, and unites both with strong acids and with strong bases 
to form salts. Metallic tin, as white malleable globules, may be 
reduced from its compounds when a compound of the metal is 
mixed with sodium carbonate and heated on charcoal in the inner 
blowpipe flame, though the reduction is rather more difficult than 
that of lead. At the same time, an indistinct white incrustation is 
formed on the charcoal. Compounds of tin do not tinge a bead of 
borax, but if a wezvzuefe trace of copper is added, and the bead held 
in the reducing flame of the blowpipe, it easily becomes of a fine 
red colour, due to reduced cuprous oxide. 
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COPPER,. 


Chemical Symbol: Cu.—Atomic Weight : 63'4. 

Copper, which has been known from the earliest times, is one 
of the few metals which possess a decided tint ; it isof a bright red 
colour. The metal is sometimes found in the free state in nature, 
often well crystallized in octahedra, but more commonly occurs in 
combination with other elements. The most important ores of 
copper are: cwprite or red copper ore (cuprous oxide: Cu,O), 
copper-glance (cuprous sulphide : Cu,S), coßßer-pyrites (sulphide of 
copper and iron : CuFeS,), purple copper ore of similar composition, 
and fefrahedsite or fahlerz (a mixed sulphide of copper, antimony, 
arsenic, &c.). Besides these, some oxy-salts of copper are also 
found in the mineral kingdom, ameng which may be mentioned 
the basic carbonates : malachite and azurite. 

The extraction of copper from its oxygen compounds (cuprite, 
malachite, &c.) is very simple, and analogous to the method used 
for the reduction of iron. The roasted ores are heated in a blast 
furnace with some form of carbon, and the reduced copper collects 
or. the hearth under the slag. Only small quantities of copper are 
extracted from these comparatively rare ores, far more is obtained 
from copper-pyrites, a double sulphide of copper and iron. The 
method employed for the separation of copper from these ores is a 
complex one; a whole series cf processes is necessary to com- 
pletely separate both the iron and the sulphur. These processes, 
which depend upon the attraction of copper for sulphur and iron 
for oxygen, consist in alternately roasting and melting the ores. 
The roasting gradually removes the sulphur and oxidizes the iron, 
which unites with silica to form a fusible slag. From the copper 
sulphide which then remains, metallic copper is obtained by oxi- 
dizing the sulphur. 

Commercial copper is never quite pure, although the impurities 
are usvally insignificant. The pure metal may be obtained as a 
red powder by heating pure copper oxide in a stream of hydrogen. 

Copper melts only at a high temperature, above 1,000°, and 
burns when heated in the oxy-hydrogen flame. Its specific gravity 
is about 8°9. The metal takes a good polish, is malleable and 
ductile, and very tenacious. Bright copper remains unchanged in 
dry air, but in the presence of moisture becomes covered: with a 
green layer of basic copper carbonate. This green rust of copper 
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is often called verdigris, which is reallya basic acetate of the metal. 
Copper is more rapidly corroded if the surface is moistened with a 
dilute acid and exposed to the air; it is also attacked by ammonia 
or a solution of common salt in the presence ofair. Inthe absence 
of air neither hydrochloric nor dilute sulphuric acid has any action 
on the metal. Hydrochloric acid does not dissolve it even on 
heating, but hot concentrated sulphuric acid oxidizes it to copper 
sulphate, and sulphürous anhydride is set free (p. 151). Unlike iron, 
zinc, and other metals, copper cannot decompose water and form 
copper oxide and hydrogen ; even when copper is heated to redness 
in steam no change is produced. If copper is heated to redness in 
the air it becomes covered with a layer of black cupric oxide which 
separates as scales when the metal is hammered. This copper 
scale consists chiefly of cupric oxide, but contains some metallic 
copper and some cuprous oxide. ” 
The best solvent for copper is nitric acid, which dissolves it with 
evolution of nitric oxide (p. 193), and produces a blue solution of 
cuprie nitrate. Copper is deposited from its solutions by more 
positive metals—e.g. zinc or ivron—and a!so separates in a compact 
form at the negative pole when an electric current is passed through 
a solution of tne sulphate. The process of producing electrotypes 
or copies of various objects in copper depends upon this deposition 
ofthe metal by an electric current. 


Compounds of Copper. 


Copper forms with oxygen, sulphur, and the halogens, two series 
of coınpounds ; the one series contains a single atom of dyad 
copper, and the other 2 atoms of copper which also play the part 
of a dyad. The two series of compounds are called cxPrrc and 
cuprous compounds respectively—e.g. cupric chloride : CuCl,, and 
cuprous chloride: Cu,Cl,. Of these two series, the cupric com- 
pounds are the most important, and shall therefore be first dis- 
cussed. All compounds of copper are poisonous, especially those 
which are soluble in water, 


Cupric Compounds. 


Cupric Oxide, Black Oxide of Copper : CuO, is a black amor- 
phous powder, obtained by glowing finely divided copper in the air, 
or better by heating cupric nitrate. Copper oxide is largely used 
in organic analysis to oxidize organic substances (p. 289). Forthis 
purpose it does not require to be pure, but should be in the form of 
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scales, and is best prepared from copper scale, A layer of the scale, 
which has been freed from mechanical impurities, is moistened 
with nitric acid (containing no chlorine) in a Hessian crucible, then 
a second layer added and also moistened with the acid until the 
crucible is about three parts full. The whole is then heated to low 
redness until all the nitric acid is destroyed and expelled. The 
nitric peroxide set free during the decomposition of the cupric 
nitrate suffices to oxidize the copper and cuprous oxide, contained 
in the scale, to cupric oxide, and if the temperature has not been 
raised high enough to cause the oxide to cake together, it is ob- 
tained in the form of scales well suited for organic analysis. 

Cupric oxide may be obtained in the wet way asa black pre- 
cipitate, by adding hot caustic soda to a hot solution of a cupric 
salt. Cupric oxide is completely insoluble in water, but readily 
dissolves in hydrochloric, nitric, or sulphuric acid, without any 
evolution of gas, then forming the corresponding cupric compounds. 
When heated in a stream of hydrogen it easily parts with itsoxygen 
and yields metallic copper as a red powd.r. 


Cupric Hydrate: Cu(OH),.—If a solution of a cupric salt is 
mixed with an excess of caustic soda at the ordinary temperature, 
a blue voluminous precipitate of copper hydrate is obtained, in 
which the copper oxide and water are so loosely combined that the 
compound is decomposed at 100°, and black cupric oxide even 
separates slowly at the ordinary temperature. If insufficient caustic 
soda is employed a basic salt is obtained, which is also of a blue 
colour, but which remains unchanged when boiled. 


Cupric Sulphate, Al/ue TVitriol: SO,-O,Cu+5H,O, is de- 
posited, when its aqueous solution is evaporated, as large blue 
erystals belonging to the wrichnic system, and is the salt from 
which nearly all the other compounds of copper are obtained, 
Copper sulphate may be prepared by dissolving copper oxide in 
sulphuric acid, or by heating copper with concentrated sulphuric 
acid. Considerable quantities of copper sulphate are produced by 
the oxidation of copper-pyrites when roasted in the air, but always 
mixed with more or less ferrous sulphate. It cannot be completely 
freed from this impurity by simple recrystallization as the two salts 
erystallize together, but if sufhicient nitric acid is added to oxidize 
the iron to the ferric state, the solution evaporated to dryness, and 
the dry mass extracted with water, most of the iron remains behind 
as a basic salt. Copper is precipitated from the blue solution of 
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cupric sulphate, produced in mines where copper-pyrites is worked, 
by adding scrap iron. The metal so obtained is known as cement- 
copper. 

Cupric sulphate is easily soluble in water ; one part of the salt 
dissolves in 2°5 parts of cold water or in o'5 part of boiling water. 
The blue crystals slightly efloresce when exposed to the air, and 
lose 4 molecules of their water of crystallization at 100°, but the 
fifth molecule of water (water of constitution) is only expelled at 
about 200°. Theanhydrous salt is white, but regains its blue colour 
in contact with water, being reconverted into the hydrated com- 
pound. The energy with which anhydrous cupric sulphate unites 
with water is so great that we employ it to abstract the last traces 
of water from 99 per cent. alcohol, and to remove traces of water 
from many other liquids in which the salt does not dissolve. 

Cupric sulphate unites with the sulphates of the alkalies and 
forms double salts, which may easily be obtained in the crystalline 
form combined with 4 molecules of water. They are of a lighter 
colour than cupric sulphate and less soluble in water. 


Cupric Ammonium Sulphates.—1\f a concentrated aqueous solu- 
tion of cuprie sulphate is mixed with strong ammonia until the 
precipitate of cupric hydrate which is first produced is redissolved, 
a deep blue liquid is produced, which, on standing, or better, when 
covered with a layer of alcohol, deposits a layer of deep blue crys- 
tals of the composition : SO,-O,Cu+4NH,+H,O. These crys- 
tals gradually decompose and beconie opaque when exposed to the 
air, and when heated to 150° lose their water with 2 molecules of 
ammonia,leaving a green powder of the composition : SO,-O,Cu + 
2NH,. 

The formation and constitution of these two compounds may 
be represented as follows (see p. 563). Onthe addition of ammonia 
to cupric sulphate, ammonium sulphate and cupric hydrate are first 
produced, and the latter compound then appears to unite with 
ammonia and form cupri-diammontum hydrate — 


(OH J _ OH-NH,) 
CuloH + 2NH, ÖB-NE,| 


or the hydrate of a hypothetical diammonium in which 2 atoms 
of hydrogen are displaced by ı atom of dyad copper. This sub- 
stance does not appear to exist in the free state, but unites at 
once with the ammonium sulphate, and produces the blue salt, 
diammon-cupri-diammonium sulphate, thus :— 
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[ONH, „ OH-NH,) (ONH,-NH,) 
SO,|ONH, * OH-NA,| 4-50. ONH.-NH,) Ce + 2Hı0, 


Ads‘ Cupri-diammonium Diisainiunee 
sulphate hydrate diammonium 
sulphate 


which may be considered as ammonium sulphate in which two 
atoms of hydrogen have been displaced by the dyad radical cxprr- 


IH - 
diammondum : N Cu. On heating the blue compound to 150° 
3 


it parts with two molecules of ammonia, and leaves the green 
powder mentioned above, which is EIFEL sulphate — 


.n (ONH,-NH,) [ONH,) er 
SO, OxHI.nn.) Cu SO,\oxm';Cu + 2NH, 
Di: Baia cupri- Cupri-d ammonium 
diammonium sulphate 
sulphate 


The constitution of the ammoniacal compounds of cobalt 
(p. 487) is possibly similar to that of the above salts. 


Cuprie Nitrate: (NO,),O,Cu + 3H,O, is easily obtained by 
dissolving copper in nitric acid, and separates out when the solu- 
tion is concentrated as dark blue deliquescent crystals, easily 
soluble both in water and in alcohol. 


Cupric Phosphate: (PO),O,Cu,+3H,O, is thrown down as a 
blue-green precipitate when ordinary sodium phosphate is added 


to a solution of cupric sulphate. Various phosphates of copper 
occur in the mineral kingdom. 


Cupric Arsenite, probably: As- iS Ye is obtained as a green 


precipitate varying in tint when a solution of sodium arsenite is 
poured into one of copper sulphate, with constant stirring. This 
compound is used as a pigment under the name of Scheele's green. 
A second green pigment— known as Schwein furt-green—is a double 
compound ofcopper arsenate and acetate. Both these compounds 
are highly poisonous, and their use is therefore very limited. 


Cupric Carbonates.— All the known carbonates of copper are 
basic compounds, even when normal copper sulphate is mixed with 
normal sodium carbonate, the bluish-green gelatinous precipitate, 
which after a time changes to a bright green powder, consists of 
a basic carbonate of the composition: CO-O,Cu + Cu(OH), = 
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(&16) | Eee The same compound is found in nature, espiceally 


in Siberia, as the beautiful mineral, wzalachzite, which in its massive 
form is used for the manufacture of vases, tops of tables, &c. 

A second basic carbonate of copper is the dark blue mineral 
azurite, ofthe composition : 2CO-O,Cu + Cu(OH),. 


Cupric Acetates. —These compounds belong strictly to organic 
chemistry, but it may be remarked that normal cupric acetate is 
soluble in water and is deposited from its solution in blue crystals, 
The basic acetates are insoluble or difficult!y soluble in water. One 
of these, or rather a mixture of several, is the poisonous substance 
called verdigris. 


Cupric Chloride: CuCl, +2H,O, is obtained by dissolving cupric 
oxide in hydrochloric acid, and on concentrating the solution is 
deposited in small, green, rhombic prisms. When heated the salt 
loses its water and the anhydrous chloride remains behind as a 
yellowish-brown powder, which rapidly attracts moisture from the 
airand deliquesces. When more strongly heated, it is decomposed 
into cuprous chloride and free chlorine. 

Cupric chloride unites with cupric hydrate and forms basic 
compounds. One of these is the mineral afacamite, and has the 
composition : CuCl,+3Cu(OH),. These insoluble basic chlorides 
may be obtained by mixing a solution of cuprie chloride with a 
quantity of caustic soda insufficient to convert all the copper into 
cupric hydrate. 


Cupric Bromide: CuBr,, closely resemblesthe chloride. Cupric 
/odide, strange to say, has not been prepared. If potassium iodide 
is added to a solution of cuprie sulphate, a white precipitate of 
cuprous iodide is produced and iodine is set free. 


Cuprie Sulphide: CuS, is thrown down as a black precipitate 
when sulphuretted hydrogen is led through a solution of a cupric 
salt. In the moist state it readily attracts oxygen from the air and 
is converted into cupric sulphate, and must therefore be washed 
with water containing sulphuretted hydrogen and dried inavacuum. 
When heated in a stream of hydrogen it parts with one-half of its 
sulphur and is converted into cuprous sulphide : Cu,S. Cupric 
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sulphide is found in nature as the mineral coveilite in dark-blue 
hexagonal prisms. 


Cuprous Compounds. 


Cuprous Oxide: Cu,O.— This compound is found in nature 
as the mineral cwfrite or ved copper ore either in compact crys- 
talline masses, or else in small regular octahedra. The erystalline 
compound may be artificially prepared by fusing solid cuprous 
chloride with dry sodium carbonate. It then remains as a red 
crystalline powder when the fused mass is afterwards extracted 
with water, It may also be prepared in the same form but in 
smaller crystals, by gently warming a solution of cupric sulphate 
with an excess of caustic soda and grape sugar. The grape sugar 
is then oxidized by half the oxygen contained in the copper oxide. 
Cuprous oxide remains unchanged in the air and is quite insoluble 
in water. \hen treated with hydrochloric acid, it is converted 
into white cuprous chloride, which dissolves in excess of the acid, 
and forms a colourless solution in the absence of air. Dilute 
sulphurie acid converts it into cupric sulphate with the separation 
of one-half of the copper as a red powder. Other oxy-acids behave 
in the same way, except nitric acid, which completely dissolves it. 


Cuprous Hydrate: Cu,(OH),.-—-When a solution of cuprous 
chloride in hydrochloric acid is poured into an excess of caustic 
soda, cuprous hydrate is thrown down as a yellow crystalline 
precipitate. The compound is very unstable, rapidly absorbing 
oxyzen from the air, and producing blue cupric hydrate. 

The cuprous oxy-salts are very unstable, and are scarcely known. 
The corresponding compounds with the halogens are, however, 
more permanent, 


Cuprous Chloride: Cu,Cl.— This substance is a white crys- 
talline powder, insoluble in water, but soluble in hydrochloric acid, 
from which it erystallizes in white tetrahedra. Cuprous chloride 
may be obtained by boiling cuprie chloride with excess of hydro- 
chloric acid and metallic copper in a stream of carbonic acid to 
exclude the air, the oxygen of which would oxidize the cuprous 
chloride thus produced. On afterwards pouring the clear acid 
solution into a large quantity of cold boiled water, the cuprous 
chloride is deposited as a white erystalline powder. Cuprous chlo- 
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ride may also be prepared by adding a solution of stannous chloride 
containing free hydrochloric acid to a solution of cupric chloride. 
It then crystallizes out also as whit@ tetrahedra, while the stannic 
chloride, produced at the same time, remains dissolved in the acid 
liquid. 

Cuprous chloride when exposed to the air in the moist state 
becomes of a green colour, and at 100° large quantities of oxygen 
are absorbed, forming the oxy-chloride: CuCl,CuO. But if this 
compound is further heated (up to about 400°), it again parts with 
its oxygen and leaves cuprous chloride. By this means, consider- 
able quantities of oxygen may be obtained from the air. 

Ammonia, as well as hydrochloric acid, dissolves considerable 
quantities of cuprous chloride, and both solutions absorb carbonic 
oxide. The compound which is produced is deposited in colour- 
less scales when a strong solution of cuprous chloride in hydrochloric 
acid is saturated with the gas. The ammoniacal solution also 
absorbs and unites with certain gaseous hydrocarbons, especially 
acetylene. 


| 
Cuprous Iodide: Cu,l,, is a white powder insoluble in water | 
and dilute acids, and is deposited when potassium iodide is added 
to a solution of cuprie sulphate containing sulphurous acid or 
ferrous sulphate, these two substances acting as reducing agents. 
The insolubility of cuprous iodide makes this salt useful for sepa- 
rating iodine from solutions of its salts. Unlike cuprous chloride, 
the iodide remains unaltered when exposed to the air. 


Cuprous Sulphide: Cu,S, is obtained by heating finely-divided 
copper with sulphur, or by heating cupric sulphide in a stream of 
hydrogen. It forms a dark-grey mass, which melts at a red-heat, 
and when slowly cooled may be obtained in a crystalline form. 
Cuprous sulphide is found in nature as copper-glance, which eryS- 
tallizes in fine rhombic prisms. It also occurs united with other 
sulphides—e.g. with iron sulphide in copper-pyrites and Punple- 
copper ore, as well as with the sulphides of silver, antımony, arsenic, 
&c., in other minerals. 


Alloys of Copper. — Fcw metals are so largely used as copper, 
both in the form of its salts, and as alloys with other metals. The 
most important of these alloys are those with zinc, tin, nickel, and 
silver respectively. 

Brass is an alloy of copper and zinc obtained by melting the 
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two metals together, and is of a darker or lighter colour accordingly 
as it contains more or less copper. Ordinary brass contains about 
70 parts of copper to 30 parts of zinc. A larger proportion of 
zinc makes an alloy of a pale yellow colour, known as .‚Mwweis-metrl, 
and largely used for sheathing wooden-ships. By increasing the 
percentage of copper and adding a little tin, amore malleable alloy 
is obtained, which can be beaten into thin sheets, and is called 
tombac or Dutch melal. 

Gun-metal, bronze and bell-metal are all alloys of copper and 
tin, with about 80 to 90 per cent. of copper, to which a little lead 
or zinc is often added. Bronze contains less copper than gun- 
metal, and bell-metal less than bronze. Specwlum-metal is a hard 
white alloy of about ı part of tin and 2 parts of copper, to which 
some arsenic is not unfrequently added. It takes a high polish, 
and is used for the mirrors in reflecting telescopes. 

An alloy of copper and nickel is used for small coins in 
Germany, Belgium, and some other countries; in Switzerland the 
small coins are made of an alloy of copper, nickel, zinc, and silver. 
German-silver or nickel-silver is an alloy of copper, nickel, and 
zinc (p. 492). All the silver used in the arts consists of an 
alloy of copper and silver ; and, finally, an alloy of copper and 
aluminium, containing abaut 9 parts of the former metal to I part 
of the latter, forms a/uminfum-bronze or aluminium-gold, a tena- 
cious, bright yellow alloy, largely used in the manufacture of small 
articles. 


Detection of Copper Compounds. 


Copper belongs to those metals of which the sulphides are in- 
soluble in dilute acids, and are separated when a stream of sulphu- 
retted hydrogen is ledthrough an acid solution of one of their salts, 
The cuprice sulphide then obtained is black and resembles lead, 
bismuth, and some other sulphides. This precipitation of cupric 
sulphide from acid solutions serves to distinguish copper from 
nickel, which it otherwise resembles in some points. A character- 
istic test for a solution of a copper salt is the bluish precipitate 
produced on the addition of ammonia and the dark blue solution 
obtained when the ammonia is added in excess. A solution of a 
copper salt, even when extremely dilute, gives, on the addition of 
potassium ferrocyanide, a reddish brown precipitate of cuprie ferro- 
cyanide : Cu,FeCy,; only uranium compounds form a preeipitate 
of this colour with potassium ferrocyanide. 


MM2 


532 Text-Book of Inorganice Chemistry. 


Small quantities of a compound of copper may be easily de- 
tected by heating with borax on a platinum wire before the blow- 
pipe. A green bead is then formed when heated in the outer flame, 
which becomes colourless or of a dirty red colour (from cuprous 
oxide) in, the reducing fame. The red cuprous oxide may be more 
readily obtained by the addition of a trace of stannic oxide, or any 
compound of tin, and then heating in the reducing flame. 
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NOBLE METALS,. 


THIS group includes mercury, silver, gold, platinum, and five 
other rare metals allied to platinum ; they have been called zod/e 
because they do not tarnish in the air at the ordinary temperature. 
They are further distinguished by the fact that their oxides are all 
decomposed when heated into the metal and free oxygen, with the 
exception of those of osmium and ruthenium, which volatilize un- 
changed. 





MERCURY. 
Chemical Symbol: Hg.—Atomic Weight : 200. 


This metal, with the exception of gallium, is the only one which 
is liquid at the ordinary temperature, and as it possesses a white 
colour like silver, is sometimes called gwcksilver. It is only 
sparsely distributed in nature, but large quantities are found in the 
few localities where it occurs. Mercury is sometimes found free in 
the mineral kingdom or alloyed with silver or gold, but far more 
commonly in combination with sulphur as ezzaabar: HgS. The 
mercury mines of Idria in Austria and of Almaden in Spain have 
been worked for centuries, and considerable quantities of the metal 
are also obtained from China. In late years large deposits of cin- 
nabar have been discovered in California. 

To extract mercury from cinnabar on a small scale the pow- 
dered ore is mixed with quicklime and heated in a retort, the neck 
of which dips under water. During the heating calcium sulphide 
and mercuric oxide are formed, and the latter compound then breaks 
up into mercury and oxygen. The mercury then condenses under 
the water, and the oxygen partly escapes, but principally serves to 
convert the calcium sulphide into calcium sulphate. 

On the large scale mercury is obtained from cinnabar by 
roasting the ore with excess of air in specially constructed furnaces, 
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and passing the vapours of sulphurous anhydride and mercury 
which are thus produced through a series of chambers or through 
rows of earthenware vessels, where the mercury condenses. 

Commercial mercury, even when it has been distilled, is never 
pure, but contains mechanical impurities as well as traces of zinc, 
lead, and other less volatile metals dissolved in it. The presence 
of these impurities may be easily detected by allowing a drop of 
the metal to flow over the hand, when it runs off clear if pure, but 
leaves a dirty, dull Zaz/ on the skin when contaminated with other 
metals. Mechanical impurities may be separated by filtering the 
mercury through a filter of writing-paper with a pin-hole at the 
base. To separate the dissolved metals the mercury is placed in a 
flat dish and covered with a layer of ordinary nitric acid. The 
acid then oxidizes some of the mercury and produces mercurous 
nitrate, which then transfers part of its oxygen to the metals mixed 
with the mercury. After the whole has stood for several days, with 
frequent stirring, the acid liquid is poured ofi, the metal washed 
with water, then run through a separating-funnel and dried. This 
method separates most of the impurities contained in the metal, 
but chemically pure mercury can only be obtained by other and 
more tedious processes. 

Mercury has a specific gravity of 13°55 ; it solidifies at — 40° 
to a crystallline malleable mass, with a specific gravity of 14°4. 
Althoush the metal only boils at 357°, it volatilizes even at the 
ordinary temperature of theair ; if a piece of gold leafis suspended 
ina jar containing a little mercury it soon becomes white, and 
amalgamated from the mercury with which it has combined. 

Mercury remains unchanged in the air at the ordinary temper- 
ature, but when heated to about 300° it combines with oxygen and 
becomes changed into red mercuric oxide, which ccats the metal. 
It is completely insoluble in water and is not attacked by hydro- 
chloric or dilute sulphuric acid. Concentrated sulphuric acid is 
also without action upon it at the ordinary temperature, but when 
heated dissolves it, producing mercuric sulphate and sulphurous 
anhydride. The best solvent for mercury is nitric acid, with which 
it forms either mercuric or mercurous nitrate according to different 
conditions. 

The vapours of metallic mercury and mercury compounds, 
especially those soluble in water, are all poisonous. Even the 
lower animals cannot exist in an atmosphere containing traces of 
mercury vapour. Entomological collections may be efiectually 
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preserved from destruction by minute animals if a few drops of 
mercury are placed in the cases containing the specimens. 


Compounds of Mercury. 


Mercury, like copper, forms two series of compounds—the one 
containing a single atom of the dyad metal, and the other con- 
taining two atoms of mercury, which also perform the functions of a 
dyad. These two series of compounds are the merewrrc and mer- 
curous compounds respectively. Many are highly valued and 
powerful medicines. 


Mercuric Compounds, 


Mercuric Oxide: HgO.—If mercury is heated in the air to 
about 300°, it gradually becomes oxidized and converted into a 
red powder of mercuric oxide (p. 10). This change goes on too 
slowly to prepare any quantity of the oxide, and it is preferable to 
obtain it from its nitrate. For this purpose dry mercuric nitrate is 
mixed with an equal weight of mercury, and the mixture gently 
heated as long as acid vapours are given off. The oxide then 
remains as a heavy, red, crystalline powder, of specific gravity 
112, and which becomes of a paler colour when rubbed. 

Besides this cerystalline form of mercuric oxide, a second modi- 
fication may be obtained as an amorphous yellow powder, by 
precipitating a solution of mercuric nitrate with caustic soda. 
Mercury, like the other noble metals, is precipitated from its solu- 
tions by the alkalies and other strong bases as the oxide and not 
as the hydrate. Mercuric hydrate is unknown. 

Mercuric oxide, as previously stated (p. 10), breaks up into 
mercury and oxygen ‚when heated. 

Mercurie Sulphate: SO,-O,Hg, is obtained by dissolving 
mercuric oxide or metallic mercury in sulphuric acid, in the latter 
case with evolution of sulnhurous anhydride. It unites with a 
small guantity of water to form a colourless crystalline compound 
containing ı molecule of water. With a large quantity of water 
it ıs decomposed into free sulphuric acid and a basic sulphate of 
the composition : SO,-O,Hg+2HgO, which separates as a heavy 
lemon-coloured powder. This compound was formerly used in 
inedicine under the name of Zurdeth mineral. Mercuric sulphate 
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is manufactured on a large scale, and used for the preparation of 
the two chlorides of mercury. 


Mercuric Nitrate: (NO,)O,Hg+8H,O, may be prepared by 
acting on mercury with an excess of nitric acid, until a drop of the 
solution no longer gives a precipitate with hydrochloric acid—a 
proof that it contains no mercurous nitrate. The acid solution, 
when sufficiently concentrated, and when cooled to — 15°, deposits 
large, colourless, rhombic crystals of the above composition. This 
salt is unstable ; it melts in its water of crystallization at 7°, and 
changes intoa basic salt of the composition : (NO,),O,Hg + HgO + 
2H,O, which is also deposited when a hot concentrated solution of 
merceuric nitrate is allowed to cool. Both these salts are decomposed 
by water, yielding a still more basic compound : (NO,),O,Hg + 
2HgO + H,O, which separates as yellow cerystals insoluble in water. 
When any of these compounds are gently heated, brown nitrous 
fumes are evolved and red mercuric oxide remains behind. 


Mercuric Chromate is thrown down as a brick-red precipitate 
when potassium chromate is added to a solution of mercuric 
nitrate. 


Mercuric Chloride: HgCl,..— This important salt, which is 
commonly called corrosive sublimate, erystallizes from its aqueous 
solution in colourless needles of specific gravity 514. It melts to a 
clear liquid at 288°, boils at about 300°, and can be sublimed un- 
changed. The salt requires 14 parts of cold water for solution, 
but less than 2 parts of boiling water. It is more easily soluble in 
alcohol and in ether. 

Mercuric chloride may be obtained by dissolving the metal in 
aqua regia, when it crystallizes from the concentrated acid solution. 
It is, however, more commonly prepared in the dry way by sub- 
limation. For this purpose a mixture of common salt and mercuric 
sulphate is heated in a glass retort or flask, on a sand-bath, when 
the mercuric chloride thus produced condenses in the upper and 
cooler parts of the vessel as a erystalline cake, which is removed 
by breaking open the vessel when cold. The operation must be 
carried on under a good draught on account of the poisonous nature 
of the vapours of the chloride, some of which always escape into 
the air. The following reaction represents the process :— 


SO,-0,Hg + 2NaCl = HglCl, + SO,(ONa).. 
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Mercuric chloride readily parts with one-half of its chlorine 

when heated with substances which easily combine with this ele- 
_ ment, and is converted into mercurous chloride. Thus, an intimate 
mixture of arsenic and mercuric chloride gives arsenious chloride 
when heated (p. 247). 

Corrosive sublimate is an important medicine, but extremely 
poisonous, and can therefore only be given in small doses ( |; to # 
grain, or 4 to 8 milligrammes). Its solution coagulates albumen, 
and possesses powerful antiseptic properties. \Vood which has 
been impregnated with a solution of corrosive sublimate is pro- 
tected both from decay and from the attacks of insects. It has 
been proposed to saturate the wood of wooden bedsteads with its 
solution, but the process is not to be recommended on account of 
the poisonous nature of the dust given off by the dry wood. 

Caustic soda when added to a solution of mercuric chloride 
gives a yellow precipitate of mercuric oxide, but ammonia when 
added to the same solution behaves differently, and produces a 
white precipitate of the composition : . Hg,, which is to be 
considered as a diammonium dichloride, in which one-half of the 
hydrogen (4 atoms) has been displaced by mercury (2 atoms), 
and is, therefore, dinercuri-diammonium chloride. This substance 
is used in medicine under the name of infusible white precipitate, 

If a mixture of mercuric and ammonium chlorides is precipi- 
tated with sodium carbonate, asimilar white compound is obtained 
of varying composition, and which melts, when heated, toa yellow- 
ish liquid. This substance is called fuszbl/e white precipitate. 

\Vhen a solution of mercuric chloride is gradually added to a 
boiling mixture of ammonium chloride and ammonia, so that the 
precipitate which is produced redissolves, the solution deposits on 

j FR NH,Cl) 
cooling colourless rhombohedra of the composition: \ H.C1] Hg 
—1.e. mercuri-diammonium chloride. This compound is closely 
related to the infusible white precipitate, from which it may be 
obtained by boiling with ammonium chloride :— 

NH,C „NH,C 


NH.CI, Be + DEE = ana 


Hg. 


Aercuric Bromide: HgBr,, resemblesthe chloride, but is more 
difficultly soluble in water. 
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Mercuric Iodide : Hgl,.— When solutions of mercuric chloride 
and potassium iodide are mixed, a yellow precipitate of mercuric 
iodide is first produced, which soon turns red, and is soluble either in 
excess of mercuric chloride or of potassium iodide. On cooling its 
warm saturated solution in potassium iodide or in alcohol, the salt 
erystallizes in fine red tetragonal pyramids. It is insoluble in 
water. When heated the salt becomes yellow, then melts and sub- 
limes in bright yellow crystals belonging to the rhombic system. 
This yellow modification of mercuric iodide readily passes into the 
red form ; mere contact with the point of a needle is sufficient to 
convert an entire quantity of the yellow crystals into the other 
modification. 

A solution of mercuric iodide in potassium iodide, and made 
alkaline by caustic potash, is used for the detection of minute 
quantities of ammonıa or ammonium salts, and is called NVessier’s 
solution (p. 387). 


Mercuric Cyanide : HgCy,.— Red mercuric oxide readily dis- 
solves when digested with dilute hydrocyanic acid, and mercuric 
cyanide cıystallizes from the clear solution in brilliant colourless 
quadratic prisms. The crystals contain much enclosed water, but 
none combined as water of crystallization ; the substance is ex- 
tremely poisoncus. Mercuric cyanide is decomposed on heating 
into mercury and cyanogen, a portion of the latter gas taking the 
form ofbrown paracyanogen (p. 311). Ifon digesting mercuric oxide 
with hydrocyanic acid the oxide is in excess, an alkaline solution 
is obtained, from which crystals of a basic cyanide: HgCy,+HgO, 
may be separated. 


Mercuric Sulphide, Cinmabar: HgS.— This compound, distin- 
guished by its beautiful red colour, is the commonest form in which 
mercury occurs in nature, and is the substance exclusively used for 
the extraction of the metal. 

The mineral cinnabar is sometimes found in small, transparent, 
red crystals, belonging to the hexagonal system, but generally 
occurs in compact dark-red masses. It volatilizes unchanged when 
heated, and in this respect differs from the corresponding red oxide. 
Cinnabar may be obtained artificially by rubbing together a mixture 
of 25 parts of mercury with 4 parts of flowers of sulphur. This 
first produces an amorphous black sulphide, which when heated 
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in a suitable vessel yields a sublimate of cinnabar as a translucent, 
red crystalline mass of fibrous structure. 

Mercuric sulphide is produced in the wet way by leading sulphu- 
retted hydrogen into a solution of a mercuric salt. A black preci- 
pitate isthen produced, which has the same composition as cinnabar, 
and into which it may be converted by sublimation. When 
the sulphuretted hydrogen is led into the mercuric salt a white 
precipitate is first thrown down, which soon becomes yellow, then 
red, and finally black. These intermediate substances are double 
compounds, in varying proportions, of mercuric sulphide and the 
mercuric compound used for the precipitation. 

Mereuric sulphide is insoluble both in nitric acid and in 
hydrochlorie acid, and only dissolves in aqua regia. This pro- 
perty enables us to separate it from the sulphides of other metals 
—.e.g. copper—which dissolve in nitric acid. The sulphide in the 
form of powdered cinnabar is the valuable pigment vermilion, 
which is prepared either by grinding sublimed cinnabar or by 
various wet processes. The colour is improved by continued rub- 
bing or by allowing the powder to stand for some time in contact 
with a solution of potassium pentasulphide at a temperature of 50°, 


Mercurous Compounds. 


Mercurous Oxide: Hzg,0.— This compound is much less stable 
than mercuric oxide ; it may be obtained as a black amorphous 
precipitate by mixing a solution of mercurous nitrate with a slight 
excess of caustic soda. When rubbed, or when heated to 100°, it 
decomposes into mercuric oxide and free mercury. The same 
change is also produced by the action of light, and it must, there- 
fore, be filtered, washed, and dried in the dark. Undecomposed 
mercurous oxide dissolves completely in dilute nitric acid. 


Mercurous Nitrate: (NO,),O,Hg,+2H,O.—If mercury is 
covered with a layer of moderately dilute nitric acid and allowed 
to stand for some time at the ordinary temperature, colourless 
transparent crystals gradually separate out in the form of rhombic 
plates. This salt is mercurous nitrate. The crystals easily dis- 
solve in the mother-liquor when warmed, and reseparate when 
the solution again cools. The salt is decomposed by water, with 
the separation of a yellow basic salt: (NO,),O,Hg, + Hg,O + HD. 
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A second basic salt, containing less mercurous oxide, is obtained 
by warming nitric acid with excess of mercury ; it crystallizes 
from its hot saturated solution in transparent colourless prisms. 

On the addition of ammonia to a solution of mercurous nitrate 
a black precipitate, resembling mercurous oxide, is obtained. This 
substance contains, however, the elements of ammonia and has a 
varying composition ; its chief constituent is probably a compound 
of the composition : NOLONE:| Hg, —dimercuroso-diammontum 
nitrate—i.e. diammonium nitrate in which four atoms of hydrogen 
are displaced by four monad atonıs of mercury. It was formerly 
used in medicine under the name of Mercurius solubilis Hahne- 
mannt, 


Mercurous Chromate : CrO,-O,Hg,, is thrown down asared 
precipitate on adding a solution of potassium chromate or dichro- 
mate to one of mercurous nitrate ; it is quite insoluble in water, and 
is used for the separation and quantitative estimation of chromic 
acid. The dry salt decomposes when heated into mercury and 
oxygen, which are given off, and green chromic oxide, which remains 
behind. From the weight of chromic oxide so obtained that of the 
chromic acid precipitated may be easily calculated. 


Mercurous Chloride, (ir/omel: Hg,Cl,— This salt, which like 
corrosive sublimate is a valuable medicine, is distinguished by its 
complete insolubility in water. It is found in nature as the mineral 
horn-guicksilver, and may be prepared artificially either in the wet 
way (by precipitation) or in the dry way (by sublimation). By the 
former method, it is obtained as a white curdy precipitate, when 
hydrochloric acid or a soluble chloride is added to a solution of 
mercurous nitrate. This precipitate when washed and dried forms 
a heavy white powder. Calomel is also obtained in the dry way 
when a mixture of mercuric chloride and mercury is heated. In 
grinding the two substances together it is well to add a little 
alcohol to prevent the formation of any dust of the poisonous 
mercuric chloride. Thin glass flasks are then about one-third 
filled with this mixture, and heated on a sand-bath ; vapours of 
mercury and mercuric chloride are thus formed, and unite together 
to produce mercurous chloride, which sublimes and condenses ın 
the upper and cooler parts of the flasks. The operation must be 
conducted under a hood with a good draught on account of the 
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extremely poisonous nature of the vapours of mercuric chloride, 
some of which always escape from the flasks. 

This process is not, however, used for the manufacture of calo- 
mel, but a mixture of mercuric sulphate and common salt (which 
‚yields mercuric chloride when heated) is ground up with an equal 
quantity of mercury to that already contained in the sulphate, and 
then heated in glass or earthenware vessels. Mercurous chloride 
then sublimes and sodium sulphate remains behind. 

Calomel prepared in either of these ways always contains more 
or less corrosive sublimate, which may be extracted from it by 
digesting the powdered substance with warm alcohol. This puri- 
fication is especially necessary if the calomel is to be em loyed for 
medicinal purposes. Calomel is much less poisonous ER corro- 
sive sublimate, and can therefore be given in larger doses. 

Mercurous chloride when treated with ammonia becomes con- 
verted into a black powder of the composition : N A,Cl He, —di- 

NH,CI) "> 
mercuroso-diammonium chloride, and in this way may be distin- 
guished from silver chloride, which dissolves in ammonia. 


Mercurous Bromide : Hg,Br,, closely resembles the chlöride in 
its properties. 


‚Tercurous Iodide: Hg,l., is thrown down as a dirty green pre- 
cipitate when a solution of potassium iodide is mixed with one of 
mercurous nitrate: it may also be obtained by rubbing together 
mercury and iodine in the correct proportions. The compound 
turns black in the light, and when heated is decomposed into mer- 
curic iodide and mercury. 


Mercurous Cyanide has not yet been prepared. 


Mercurous Sulphide: Hg,S, is possibly produced when sulphu- 
retted hydrogen is led into a solution of mercurous nitrate ; it is, 
however, very unstable, and soon decomposes into mercuric sul- 
phide and mercury. 


Amalgams. 


Mercury readily unites with most metals, and produces alloys 
—generally known as amalgams. Öften mere contact at the ordi- 
nary temperature suffices to produce an amalgam, as in the case 


of silver, gold, and the alkali metals. Most amalgams may be 
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obtained in the solid crystalline form, and are all soluble in ex- 
cess of mercury. An amalgam of iron can only be obtained with 
difficulty, and iron vessels are therefore employed to contain the 
metal. 

Sodium amalgam may be easily obtained as a solid crystalline 
mass by adding 4 parts of sodium, in small quantities at a time, to 
100 parts of warm mercury contained in a mortar. Aseach small 
piece of sodium is pressed under the mercury with the pestle, the 
two metals unite with a hissing noise, and a sufficient evolution of 
heat to volatilize some of the mercury. The amalgam remains 
liquid as long as it is warm, but becomes a crystalline solid when 
cold. Mercury unites still more energetieally with potassium, 

A piece of gold when dipped into mercury becomes at once 
covered with a white layer of gold amalgam, and soon completely 
dissolves. Silver also easily dissolves in an excess of mercury. 
The readiness with which these two metals unite with mercury is 
utilized to separate them from their ores. These ores when shaken 
with mercury yield amalgams, from which the mercury can be after- 
wards distilled, leaving silver or gold behind (amalgamation pro- 
cess). One ofthe most useful amalgams is that of tin, which is 
used for silvering ordinary looking-glasses (p. 522). 

Metallic mercury is used for a number of technical and scientific 
purposes—for example, in the construction of barometers and ther- 
mometers, and for the mercury air-pump (Sprengel’s pump). It ıs 
also used in the laboratory to collect gases which are dissolved by 
water but which do not act upon mercury—e.g. ammonia, hydro- 
chloricacid. Chlorine cannot be collected over mercury, as the two 
substances at once unite with one another and produce a chloride. 


Detection of Mercury Compounds. 


All solid compounds of mercury when mixed with quick-lime or 
dry sodium carbonate and heated in a small tube are decomposed, 
and yield metallic mercury, which condenses in tbe cooler parts of 
the tube in minute glistening globules. 

Soluble mercuric salts may be recognized by the yellow pre- 
cipitate of mercuric oxide produced by caustic soda and the white 
precipitate formed on the addition of ammonia. Black mercuric 
sulphide, which is produced when a stream of sulphuretted hydrogen 
is passed through a solution of a mercuric salt, is distinguished 
from other black sulphides produced in the same way (e.g. those 
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of copper, lead, bismuth) by remaining unchanged when warmed 
with nitric acid. The soluble mercurous salts, of which only one or 
two are known, give a white precipitate of mercurous chloride with 
hydrochlorice acid, which blackens on the addition of ammonia. 
Caustic soda and ammonia, as well as ammonium or sodium 
carbonate, all produce black precipitates with a solution of mer- 
curous nitrate. If a solution of stannous chloride is added to a 
solution of a mercuric or mercurous salt, a white precipitate of 
mercurous chloride is produced in both cases, in the former with 
the simultaneous production of stannic chloride. And if this pre- 
cipitate of mercurous chloride is mixed with a further quantity of 
stannous chloride and some hydrochloric acid, it is reduced to a 
grey powder of metallic mercury, the particles of which unite 
when boiled and produce small globules of the metal. 


SILVER, 
Chemical Symbol: Ag— Atomic Weight: 108. 


Silver is tolerably widely distributed in nature, but is seldom 
found in large quantities. It occurs as native silver crystallized in 
regular octahedra, and united with chlorine as Aorn-silver (AgC)), 
as well as with the other ha!ogens bromine and iodine, or even 
with allthree together : it ıs also occasionally found mixed with 
mercury as amalgam. More important than these are the com- 
pounds of silver with sulphur, sz/vwer-glance (Ag,S), and those con- 
taining silver sulphide united with other sulphides (e.e. those of 
arsenic, antimony, and copper). These double sulphides form the 
minerals durk-red silver ore or pyrargyrite (3Ag,S,Sb,S,), /eht- 
red silver ore or proustite (3Ag,S,As,S,), and silver copper-glance 
(Ag,S,Cu,S). 

A considerable quantity of silver is extracted from argentiferous 
lead by the process of cupellation, which has been already de- 
scribed under lead (p. 500). From ores containing little lead the 
silver is extracted by the process of ama/gamation, which varies in 
different countries according to the nature of the ore and according 
as fuel is cheap or dear. The rich ores of Nevada and Colorado 
inthe United States ar@ roasted with common salt, by which the 
silver loses its sulphur and is converted into silver chloride. The 
roasted ores are then mixed with water and scrap iron and rotated 
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in barrels for some time, when the iron gradually reduces the silver 
to the metallic state. As soon as this change has been produced, 
mercury is introduced into the barrels, and the silver amalgam so 
obtained run off, dried, and distilled. Mercury then passes over 
into a condenser and metallic silver remains behind. In Mexico 
and Chili, where fuel isscarce and dear, the silver is converted into 
chloride by a mechanical process which consists in mixing the 
ground ore with common salt and salts of copper and iron by the 
treading of mules ; mercury in excess is next added, part of which 
reduces the silver chloride with formation of calomel, theremainder 
forming an amalgam which is afterwards distilled. Various wet 
processes are also used for the extraction of silver from very poor 
ores. 

Pure silver may be obtained by precipitating a solution of a 
silver salt with hydrochloric acid, and fusing the pure dry silver 
chloride so produced with dry sodium carbonate in an unglazed 
porcelain crucible. When cold, the silver is found at the bottom of 
the crucible covered with a layer of fused sodium chloride. 

Silver is a white, lustrous metal, with a specific gravity of 10°6. 
It is soft, and so malleable that it can be beaten out into extremely 
thin leaves (silver leaf). Silver melts at a lower temperature than 
copper, and although it does not oxidize in the air, possesses the 
property of dissolving oxygen when in the liquid state. This oxy- 
"gen, which is only dissolved in the silver not chemically combined 
with it, is again given off when the silver solidifies, producing the 
phenomenon known as the spring of silver. Pure silver is said 
to absorb as much as 22 times its volume of oxygen. The property 
is only possessed by the pure metal: the addition of a small 
quantity of lead prevents the absorption of the gas and the subse- 
quent spitting. 

Silver combines far more readily with sulphur than with oxygen. 
Sulphuretted hydrogen is decomposed by silver, and the metal be- 
comes covered with a thin brown or black layer of silver sulphide. 
Hydrochloric acid does not attack the metal, but it is readily dis- 
solved by nitric acid with evolution of brown nitrous fumes, and 
formation of silver nitrate. Concentrated sulphuric acid dissolves 
silver inthe same way as copper and mercury, producing silver 
sulphate and sulphurous anhydride. Silver is precipitated from 
solutions of its salts by other more positive metals—e.g. zinc, Iron, 
and copper—and also by certain reducing substances, such as 
ammonium sulphite, grape sugar, aldehyde, and tartaric acid. 
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Some of these substances cause a deposit of the silver as a uniform 
coating on the walls of the vessel used for the experiment, and pro- 
duce a mirror of metallic silver. 

AIl commercial silver, including silver coins, always contains 
from 5 to 10 per cent of copper. To prepare pure silver from this 
alloy, the metal may be dissolved in nitric acid, the solution filtered 
from a trace of gold which remains behind as a black powder, and 
the filtrate precipitated with hydrochloric acid or a solution of com- 
mon salt. The silver chloride is then washed, dried, mixed with 
dry sodium carbonate, and heated in an unglazed crucible. Sodium 
chloride and silver carbonateare then produced, and the latter com- 
pound is decomposed ata red-heat into carbonie acid, oxygen, and 
silver. After cooling, a button of pure silver-isfound at the bottom 
ofthe crucible covered with a layer of fused sodium chloride. 
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Compounds of Silver. 


Silver is one of the few metals which exists as amonad element 
in nearly all its compounds. In this respect it resembles the 
alkali metals and thallium, and like sodium it also forms a per- 
oxide, containing the metal as adyad. Its sulphate unites with 
aluminium sulphate when heated in sealed tubes, and produces 


silver alum, isomorphous with the alums of potassium and 
thallium. 


Silver Oxide: Ag,O, is precipitated as a brown amorphous 
powder when silver nitrate is mixed with pure caustic soda or some 
other soluble base. As ordinary caustic soda always contains 
sodium chloride, the silver oxide obtained by it ismixed with silver 
chloride, and it is therefore preferable to use baryta-water. Silver 
oxide is not quite insoluble in water ; it imparts a metallic taste 
and a faint alkaline reaction to it. When exposed to the light it 
slowly decomposes at the ordinary temperature into silver and 
oxygen—a change which takes place rapidly when the compound 
is heated. Hydrogen reduces it completely even at 100°. Silver 
oxide unites readily with all acids, but few of its salts are solubie. 

If freshly precipitated, silver oxide is digested with strong am- 
monia ; it is converted into a black powder, which may also be 
obtained by adding caustic potash to an ammoniacal solution o{ 
silver nitrate. This substance is one of the most unstable com 
pounds known : it explodes violently when slightly pressed, even 


NN 


546 Text-Book of Inorganic Chemistry. 


when moist. It isknown as Bertholle®’s fulminating silver, but we 
are quite ignorant of its composition. Possibly it is silver amide: 
NH,Ag, or silver nitride: NAg,. 


Szlver Peroxide: AgO or Ag,O,— This little-studied compound 
is obtained in the form of black shining octahedra when ozone acts 
on a moist silver plate, or when an electric current is passed through 
a strong solution of silver nitrate. It is then deposited on the 
positive pole, for which it is best to employ a stout platinum wire. 
The compound is less stable than silver oxide ; it decomposes when 
heated over 100° into silver oxide and oxygen, and when inflam- 
mable substances, such as sulphur or phosphorus, are brought into 
contact with it, they are oxidized with an explosion. When warmed 
with nitric acid it produces silver nitrate, and oxygen is evolved. 
Cold nitric acid dissolves it and produces a brown liquid. 


Silver Sulphate: SO ,(OAg),.— When silver is warmed with con- 
centrated sulphuric acid, the metal gradually dissolves, with evolution 
of sulphurous acid, and silver sulphate is deposited as small glisten- 
ing crystals. The salt is difficultly soluble in water, and may there- 
fore be prepared by adding a solution of sodium sulphate to one of 
silver nitrate. As the salt is far more soluble in hot than in cold 
water, it is deposited when the above solutions are made hot, mixed, 
and the mixture allowed to cool. It crystallizes in small rhombic 
prisms, which are isomorphous with anhydrous sodium sulphate. 
At a low red-heat, silver sulphate melts unchanged, but at higher 
temperatures it is decomposed into silver, sulphurous and sulphuric 
anhydrides, and oxygen. 


Silver Nitrate: NO,-OAg.— This, the most important salt of 
silver, is obtained by dissolving pure silver in nitric acid and evapo- 
rating down the acid liquid. It crystallizes in large colourless 
rhombic plates, is easily soluble in water, and the solution reacts 
neutral. Alcohol also dissolves considerable quantities of the salt. 
Silver nitrate melts at about 220°, and solidifies on cooling to a 
crystalline mass. At a higher temperature it is converted into 
silver nitrite, which when more strongly heated is completely de- 
composed, metallic silver remaining behind. 

If silver nitrate is carefully melted at the lowest possible 
temperature and poured into moulds, similar to those used for 
caustic potash (p. 348), it is obtained in the form of white solid 
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sticks, which are used as a caustic in surgery under the name of 
lunar caustic. Silver nitrate destroys those bodies which cause the 
putrefaction and decomposition of organic substances, and also 
coagulates albumen ; hence the spots touched with the caustic 
become covered with a hard crust of coagulated albumen and fibrin, 
which soon blackens, especially when exposed to the light. The 
blackening is due to finely divided metallic silver reduced from the 
nitrate by the organic matter. A solution of silver nitrate also 
blackens when exposed to the light in contact with organic sub- 
stances, and such a solution mixed with gum water is used for 
marking linen and cotton articles. Characters written with this 
marking-ink gradually blacken when warmed or when exposed to 
light, and the reduced silver adheres so firmly to the fibres of the 
stuff, that it is not removed by washing with soap and soda. Such 
marks may, however, be obliterated by moistening them with a solu- 
tion of potassium cyanide and then verycarefully washing with water, 
on account of the extremely poisonous character of this compound. 
Potassium cyanide dissolves finely divided silver in the presence 
of water, producing soluble potassium-silver cyanide with some 
caustic potash, and free hydrogen :— 


2KCy + Ag + H,O = KCy,AgCy + KOH + H. 
Silver nitrate has many applications in the arts. Large quanti- 


ties are used in photography for the production of the halogen 
compounds of silver which are readily decomposed by light. 


Silver Phosphate : PO(OAg),, is produced as a bright yellow 
precipitate by mixing a solution of common (monacid) sodium 
phosphate with one of silver nitrate :— 

PO(ONa),(OH) + 3NO,-OAg = PO(OAg), + zNO,ONa 
+ NO,-OH. 

The filtered solution then reacts acid from free nitric acid, and 

contains some silver dissolved as acid silver phosphate. 


Silver Arsenite: As(OAg),, closely resembles the yellow phos- 
phate. Silver Arsenate: AsO(OAg), is a reddish-brown powder, 
and, like the phosphate and arsenite, easily dissolves in nitric acid. 


Silver Carbonate : CO(OAg), isthrown down on mixing a 
solution of silver nitrate with one of sodium carbonate as a 
yellowish-white precipitate, which quickly darkens in the light. 

NN2 
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The dry salt loses its carbonic acid at a temperature slightly above 
100°, 


Silver Chromate: CrO,(OAg),, is a dark-red precipitate ob- 
tained by mixing solutions of potassium chromate and silver 
nitrate. 


Silver Chloride, Bromide, and Iodide. 


These three halogen compounds of silver closely resemble one 
another, especially in their chemical properties. They all occur in 
nature, and often associated with one another. They are obtained 
as curdy precipitates of a white or pale yellow colour, and insoluble 
in dilute acids when the corresponding halogen acid or haloid salt 
is added to a solution of silver nitrate. Silver chloride is of a pure 
white colour, the bromide is faintly yellow, and the iodide has a 
more decided yellow tint. They all melt when heated without de- 
composition, and are reduced to the metallic state by zinc when 
this metal is dipped into one of the fused salts or when zinc is 
added to the salt suspended in water containing hydrochloric acid. 
Allthree dissolve easily in an aqueous solution of sodium thiosul- 
phate or of potassium cyanide, but are distinguished from one 
another by their solubility in ammonia. Sz/wer Chloride: AgCl, 
when freshly precipitated, easily dissolves in a small quantity of 
ammonia; Silver Bromide : AgBr dissolves only with difficulty and 
requires a large quantity of the reagent ; while Sz/ver Zodide : Agl, 
is almost insoluble in ammonia, but is dissolved by potassium 
iodide, forming a soluble double salt of the composition: K1,Agl, 
which cerystallizes out when the solution is evaporated down. 
Silver is scarcely attacked by hydrochloric or hydrobromic acid, 
but strong hydriodic acid easily converts the metal into silver 
iodide with evolution of hydrogen. 

Silver bromide and iodide are less stable compounds than silver 
chloride. Both the former are decomposed when heated in a stream 
of chlorine ; silver chloride is then produced, with separation of bro- 
mine or iodine respectively. But if a mixed solution of potassium 
iodide and chloride is added to asmall quantity of silver nitrate, the 
compound first produced is not silver chloride but silver iodide. 
In the same manner, silver chloride is completely decomposed into 
silver bromide when boiled with a solution of potassium bromide, 
and both silver chloride and bromide become converted into silver 
iodide when treated with potassium iodide. From these results it 
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has sometimes been imagined that the affinity of silver for chlorine 
in an aqueous solution is less than for bromine ; but if we consider 
the three equations which represent these changes :— 


AgCl + KBr = AgBr + Kl 
AgBr + Kl = Agl + KBr 
AgCl + Kl = Agl + RC 


we see that potassium chloride is formed in the first and third 
equations and potassium bromide in the second, and potassium 
chloride is a much more stable compound than either the iodide or 
or the bromide, while the bromide is more stable than the iodide, 
The cause of the reactions is therefore due not toa stronger affınity 
of silver for bromine or iodine than for chlorine, but to a stronger 
affınity of potassium for chlorine than for bromine and iodine, and 
for bromine than for iodine. 

The sensibility of the halogen compounds of silver to lisht, 
under the influence of which, in the presence of reducing agents, 
they are reduced to sub-salts and then to metallic silver, makes 
them very suitable for the production of photographs. The com- 
pounds, usually silver bromide or iodide, are suspended in some 
suitable medium (collodion or gelatine), and glass plates coated 
with the mixture. These plates are then exposed in the camera to 
the light reflected from the object of which a picture is required, 
when the silver iodide or bromide is more or less reduced according 
to the intensity of the light falling upon it, and according to the 
length of time which the plate is exposed. On removing the plate 
from the camera no change can be seen, and no metallic silver has 
yet been produced : the light has only formed a sub-bromide or 
iodide of the same colour as the original salt. But if the exposed 
plate is brought into a solution of some reducing substance, such 
as pyrogallic acid or ferrous oxalate, the reducing action which the 
lisht has begun is carried further and the sub-bromide or -iodide 
is now converted into black metallic silver. This process is called 
developing. In order to preserve this picture and to prevent the 
undecomposed silver salt from blackening when exposed to the 
light, it must now be AZred—a process which consists in dissolvins 
out the undecomposed bromide or iodide by a solution of sodium 
thiosulphate or potassium cyanide. The picture so obtained shows 
the bright parts of the object dark and the dark parts light, and is 
called a zegafive: an ordinary photograph on paper is obtained 
from this by placing the glass negative over a sheet of paper con- 
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taining silver chloride in its pores and then exposing to the light. 
The Zrznt so obtained is then treated with various solutions con- 
taining gold, to make the colour more pleasing, and finally red 
with sodium thiosulphate. Not only does the intensity of the 
light influence its reducing action on the halogen compounds, but 
light of different colour produces very different effects. Thus the 
blue and violet end of the spectrum has a far more powerful re- 
ducing action than the green, yellow, and red ; and the invisible 
rays which lie beyond the visible violet (the ultra-violet or actinic 
rays) act most powerfully of all. Hence all photographic processes 
must be conducted inaroom which is only illuminated with yellow 
or red light. 


Silver Fluoride: AgF, is distinguished from the other halogen 
compounds of silver by its solubility in water. It may be easily 
obtained by dissolving silver carbonate in hydrofluoric acid, and 
cerystallizes from its aqueous solution with two molecules of water. 


Silver Cyanide: AgCy,is a white curdy precipitate produced 
by carefully adding a solution of potassium cyanide to silver nitrate. 
It is insoluble in water and dilute acids, but easily dissolves in 
ammonia. An excess of potassium cyanide also dissolves it, and 
produces a soluble double cyanide of the composition : KCy,AgCy, 
which may be easily obtained in the crystalline form. Unlike the 
chloride, bromide, and iodide, it is decomposed when heated, 
yielding cyanogen gas. The grey substance which then remains 
behind is a mixture of ‘metallic silver and paracyanogen. The 
soluble compound: KCy,AgCy, is largely used in silver plating. 
The silver which is deposited at the negative pole when an electric 
current is passed through a solution of this double cyanide is in a 
more compact form, and adheres firmer to the substance to be 
plated than that deposited in a similar manner from any other 
solution of silver. 


Silver Sulphide: Ag,S.— Silver possesses a strong affinity for 
sulphur,and even decomposes sulphuretted hydrogen in the presence 
of air, but remains unchanged in the pure dry gas. The compound 
may be obtained by melting silver and sulphur together, or by pre- 
c:pitating a salt of silver with sulphuretted hydrogen. When 
prepared by the latter method it is a black powder easily soluble 
in nitric acid. Silver sulphide occurs in the mineral kingdom as 
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silver-glance, and in combination with the sulphides of arsenic or 
antimony as light and dark red silver ore respectively. , 


Alloys of Silver. 


The numerous articles which are made of silver do not consist 
of the pure metal, but of an alloy of copper and silver. The pure 
metal is too soft for ordinary use and would wear away rapidly. 
But the addition of a few parts per cent. of copper considerably 
increases it in hardness and makes it more suitable for ordinary 
purposes. The two metals fuse together in all proportions, and 
those alloys which only contain 20 per cent. of silver have a 
reddish colour, while those containing 80 to go per cent. are white. 
English silver coins contain 92°5 per cent. of silver and 7°5 per 
cent. of copper, while the silver coinage of France, Germany, 
and Austria, consists of an alloy of 90 parts of silver with 10 parts 
of copper. The percentage of silver contained in a given alloy is 
usually expressed in parts per thousand or per wmz//e. Thus the 
Fineness of the silver used in England for coinage would be 925, and 
that used in France and Germany for the same purpose would be 
900. "The fineness of the silver alloys which are to be employed for 
different purposes is regulated by law in some countries. 

The quantity of silver contained in an alloy with copper was 
formerly exclusively determined by cwfellation. In this process 
the sample of silver is mixed with lead and heated on a small flat 
crucible made of bone-ash (the cupel) in a current of air; the lead 
and the copper are then oxidized, and their oxides are absorbed 
by the porous bone-ash of the cupel. Finally, there remains behind 
a button of pure silver, from the weight of which the fineness of 
the sample may be easily calculated. A quicker and more accurate 
process is the wet way introduced by Gay-Lussac. In this method 
the silver is dissolved in nitric acid and a normal solution of 
common salt added until the whole of the silver is precipitated as 
silver chloride. For the details of this method the student must 
consult a text-book of analytical chemistry. 


Detection of Silver Compounds. 


The reduction of any compound of silver when mixed with 
sodium carbonate and heated on charcoal before the blowpipe, and 
the production of a white globule of metallic silver which does not 
oxidize in the air, the precipitation of black silver sulphide when 
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sulphuretted hydrogen is led through an acid solution of a silver 
salt, and, above all, the formation of silver chloride by hydro- 
chloric acid, make it very easy to detect the presence of silver and 
to separate it from other metals. Silver chloride may be distin- 
guished from lead chloride by the solubility of the latter salt in hot 
water, and from mercurous chloride by the action of ammonia. 
This dissolves the silver chloride, but converts the mercurous salt 
into a black compound (p. 543). 


GOLD: 
Chemical Symbol: Au.— Atomic Weight : 197. 


Gold is chiefly found in nature in the free state, sometimes pure 
and well crystallized, but usually containing silver. It occurs in 
quartz rocks or in alluvial quartz sand which has been deposited by 
the disintegration of the older rocks. These auriferous sands, 
which often cover a considerable extent of country, are washed by 
suitable arrangements, on a small or large scale, when the lighter 
particles of sand and mud are carried awayand the heavier particles 
of gold remain behind. The gold is then brought into the market 
in this form, or ifina finely divided state is extracted with mercury, 
which is afterwards removed by distillation. Gold is now chiefly 
obtained from California and Australia, but is found in smaller 
quantities in other parts—e.g. in the Ural Mountains, in Hungary 
and Transylvania, and in Africa. Small quantities of gold have also 
been found in Cornwall and Wales. Chemical compounds of gold 
rarely occur in nature—sy/vanite or graphic tellurium, found in 
Transylvania, is acompound of gold and tellurium. Many silver 
ores and some argentiferous lead ores, as well as some specimens 
of copper-pyrites, contain small quantities of gold. In the silver 
ores the gold is extracted with the silver, and the two metals are 
afterwards separated by nitric acid. 

Gold belongs to the few metals which have a decided tint, and 
is distinguished from all others by its yellow colour. It crystallizes 
in theregular system, is very soft, considerably more so than silver, 
and very malleable. In extremely thin leaves (gold-leaf), it trans- 
mits bluish-green light. Gold melts more difficultly than silver, 
but somewhat more easily than copper, and volatilizes at very high 
temperatures. Its specific gravity is 19'3. 
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Gold does not directly unite with oxygen at any temperature, 
„but easily combines with chlorine. Hydrochloric, sulphuric, or 
nitric acid has no action on the metal, but aqua regia dissolves gold 
and produces a yellow solution of auric chloride. From this solu- 
tion themetal may be again precipitated by various reducing agents, 
such as ferrous sulphate, oxalic acid, sulphurous acid, or metallic 
iron. The best substance to employ for the precipitation of gold 
from a solution of its chloride is a cold saturated solution of ferrous 
sulphate, which is then oxidized to a mixture of ferric sulphate and 
ferric chloride. The gold is thrown down as a brown powder, 
which acquires the colour and lustre of the metal when rubbed. 
This method is used to separate pure gold from a solution con- 
taining copper and other metals. 


Compounds of Gold. 


Gold forms two series of compounds in which the element exists, 
as a triad and asa monad respectively, and which are distinguished 
asthe auric and aurous compounds. The metal only poussesses 
weak affinities for other elements, and its two oxides are such weak 
bases that their salts are hardlyknown. The most important auric 
compound is 


Auric Chloride : AuCl,, which is obtained by dissolving pure 
gold in aqua regia and remains as a reddish brown deliquescent 
mass when the solution is evaporated to dryness. It not only dis- 
solves in water, but also in alcohol and ether, and to such an extent 
im the latter liquid that the chloride is abstracted from its aqueous 
solution when this is shaken with ether. A solution of auric chlo- 
ride produces a purple stain of reduced gold when a drop is allowed 
to fall on the skin, and gives a purple precipitate when mixed with 
stannous chloride—see Purple of Cassius (p. 556). \When heated, 
the salt decomposes into chlorine and aurous chloride. 

Auric chloride forms soluble erystalline double salts with hy- 
drochlorie acid and soluble chlorides. The hydrochloric acid 
compound : AuCl„HCl+3H,0, or HAuCl,+3H,0, is deposited 
from a hot acid solution of auric chloride in long yellow needles. 
On mixing a solution of auric chloride with one of the chlorides of 
potassium, sodium, or ammonium, and evaporating down, crystals 
of the compounds : 2(AuCl,„KCI) + H,O, or2KAuCl, + H,O ; AuCl,, 
NaCl+2H,O, or NaAuCl, +2H,O, and 2AuCl,NH,C1+ 5H,O, or 
2NH,AuCl, +5H,O are obtained. The sodium compound is much 
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less deliquescent than pure auric chloride, and is the form in which 
this salt is usually brought intotrade. It is sold as non-deliguescent 
chloride of gold in 15 grain or ı gramme tubes. 


Auric Oxide: Au,O,, is obtained by digesting a solution of 
auric chloride with an excess of magnesia. The brown powder so 
produced consists of a compound of auric oxide and magnesia 
(magnesium aurate) with the excess of magnesia. When this 
powder is treated with strong nitric acid, the magnesia is all dis- 
solved and auric oxide remains behind asa brown powder. It is 
decomposed by light or heat into gold and oxygen. If the brown 
compound of auric oxide and magnesia is digested with dilute in- 
stead of concentrated nitric acid, aurzc hydrate : Au(OH),, remains 
behind as a reddish yellow powder. 

Auric oxide is so weak a base that neither it nor the hydrate 
can unite with oxyacids to form salts. On the other hand, it can 
combine with bases and form salts in which it plays the part ofan 
acid. Hence auric oxide may be considered as the anhydride of 
an acid—aurzc acid. 


Potassium Aurate: AuO-OK + 3H,0.—Auric oxide orhydrate 
easily dissolves in caustic potash, and when the solution is eva- 
porated, finally in a vacuum, potassium aurate separates in bright 
yellow needles. Its solution reacts alkaline and gives precipitates 
of insoluble aurates when mixed with the salts of other metals. 

If a solution of auric chloride is digested with an excess of 
ammonia a yellowish brown powder is produced, which violently 
explodes when slightly warmed or rubbed. The composition of 
this Sulminating gold is unknown. 


Auric Cyanide : AuCy,+3H,0.—Nearly all the cyanides of 
the heavy metals are insoluble in water, but mercurice cyanide and 
auric cyanide are exceptions to this rule. If a solution of auric 
chloride is mixed with a hot concentrated solution of potassium 
cyanide, the compound Zofassium-auric cyanide: KCy,Aucyz; + 
H,O, or KAuCy, +H,O, crystallizes out on cooling in colourless 
plates. This substance, when dissolved in water, gives a white 
curdy precipitate with a solution of silver nitrate of the corre- 
sponding silver salt. If this silver-auric cyanide is carefully 
washed, mixed with water, and then a quantity of hydrochloric 
acid added insufficient to produce complete decomposition, silver 
chloride, hydrocyanic acid, and auric cyanide are produced, and 
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‘when the clear liquid is evaporated in a vacuum over sulphuric 
;acid this salt remains behind as a white crystalline mass. By 
ırecrystallizing from its alcoholic solution, the auric cyanide may be 
(obtained as large crystalline tablets or plates. The salt is easily 
ıdecomposed when heated. 


Auric Sulphide: Au,S, (?).—It is still doubtful whether the 
"black precipitate which is produced when sulphuretted hydrogen 
is led through a cold solution of auric chloride consists of auric 
:sulphide, or is a compound of aurous and auric sulphides. The 
'precipitate easily dissolves in solutions of alkaline sulphides. If 
‚gold is fused with potassium polysulphide (liver of sulphur), a 
‚double sulphide of potassium and gold is formed, which dissolves 
when the cold mass is digested with water. From this solution 
acids precipitate a sulphide of gold. 

The following more important aurous compounds may be de- 
scribed. 


Aurous Chloride : AuCl.— Auric chloride when heated decom- 
poses into chlorine and aurous chloride or gold, according to the 
temperature employed. If the temperature does not exceed 200°, 
aurous chloride remains behind as a dirty-white powder which is 
insoluble in water. It is decomposed into auric chloride and 
metallic gold when boiled with water. 


Aurous Oxide: Au,O.—Aurous chloride when digested with 
caustic potash is converted into a dark-violet coloured powder of 
aurous oxide. The compound is insoluble in water, and is not 
changed by sulphuric or nitric acid. Hydrochloric acid decom- 
poses it into auric chloride and gold. Salts of aurous oxide are 
not known if we except the crystalline salt which separates from a 
mixed solution of auric chloride and sodium thiosulphate on the 
addition of alcohol, and which may be a double salt of aurous and 
sodium thiosulphates. 


Aurous Cyanide: AuCy.—Fulminating gold readily dissolves 
in a warm solution of potassium cyanide, and the solution deposits 
large prisms of potassium-aurous cyanide: KCy,AuCy or KAuCy,, 
on cooling. Hydrochlorie acid separates aurous cyanide from this 
salt, and the cyanide may be obtained by evaporating to dryness 
and extracting with water, when it remains as a yellow erystalline 
powder insoluble in water. Potassium cyanide easily re-dissolves 
it; it is decomposed when heated into gold and cyanogen. 
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Purple of Cassius is acompound of gold, tin, and oxygen, 
varying and, therefore, uncertain composition. It is thrown down 
as a beautiful purple precipitate by adding a mixture of stannou 
and stannic chlorides to a dilute solution of auric chloride. | 
concentrated solutions of these salts are mixed, the precipitate 
possesses a brown colour. The compound may also be prepared 
by acting on an alloy of gold, silver, and tin with nitric acid. The 
silverthen dissolves and purple of Cassius remains behind. Purple 
of Cassius is used in painting on porcelain and glass to produce a 
beautiful red tint. 


Alloys of Gold, 


Pure gold is used for the manufacture of gold-leaf, and in the 
finely divided state, as obtained by precipitation with ferrous sul- 
phate, for gilding porcelain. The gold is mixed with a suitable 
material and painted on the porcelain, and when the articles are 
afterwards heated in a kiln the metal burns into the glaze. Articles 
made of the base metals may be covered with a thin layer of gold 
(or gilt) in various ways. According to one method a gold amalgam 
is rubbed on the surface to be gilt, the mercury afterwards expelled 
by heating, and the rough surface polished by burnishing. In the 
wet way, a thin coating of gold is obtained by simple immersion in 
an alkaline solution of auric chloride, or better by a separate 
electric current. In the process of electro-gilding the object to be 
gilt is dipped in a warm solution of one of the double cyanides of 
gold and potassium and made the negative pole of an electric 
current. The coating of gold obtained in this way is far more 
durable and compact than that produced by any other process. 

The gold which is used by the goldsmith and for coinage is an 
alloy of the metal with copper and sometimes silver. This alloy 
not only melts more easily, but is also harder and does not so 
readily wear away when used. In England the fineness of asample 
of gold is expressed in carafs ; pure gold being said to be 24 carats. 
Thus 18 carat gold consists of ı8 parts of gold alloyed with 6 parts 
of copper. English sovereigns and half-sovereigns are made of 22 
carat gold, or contain 916°66 parts of pure gold per thousand (o 
»mille). The gold used for coinage in Germany and some other 
countries has a fineness of 900, or contains 900 parts of pure gold 
per thousand, which corresponds to 216 carat gold; 15 or ı2 
carat gold is usually employed for the manufacture of jewellery. 


PLATINUM METALS. 





"This group of the noble metals includes, besides platinum, the 
ifive metals : iridium, palladium, rhodium, ruthenium, and osmium. 
"They are almost always associated with one another in nature and 
:are found native accompanying platinum. The so-called platinum 
ore contains them asalloys together with varying quantities of gold, 
copper, and iron. This ore is found in the Ural, in South America, 
California, Borneo, Australia, and a few other localities, and, like 
gold, usually in alluvial sands. 

These six metals closely resemble one another in many points, 
but in some respects difier strikingly. Such a difference is noticed, 
for example, when we compare together their specific gravities and 
their atomic weights. Itis then seen that the three: platinum, 
iridium, and osmium, possess a specific gravity and atomic weight 
which are about double those of the other three: palladium, 
rhodium, and ruthenium. These differences are exhibited in the 
following table :— 


Specific Atomic Specific Atomic 

e gravity weight . gravity weight 
Platinum ; 215 195 | Palladium . . 1174 106 
Iridium . ; .224 193 | Rhodium R Tr 104 
Osmium i 225 199 | Ruthenium . ‚2I23 (108 


A second difference between these metals is their behaviour 
with regard to oxygen. Most of them have so weak an affınity for 
oxygen that they not only do not unite directly with this element, but 
the majority of their oxides, when prepared in an indirect manner, 
lose their oxygen when heated. On the other hand, osmium and 
ruthenium combine energetically with oxygen when simply heated 
in theair and produce volatile compounds of an acid character. 

Of the six rare platinum metals, platinum itself is found in far 
larger quantities than the other five. On this account, and because 
the metal is used for many purposes in the arts, the compounds of 
platinum are better known than those of the other metals. But 
the majority ofthese compounds are only of chemical interest. 
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PLATINUM. 
Chemical Symbol : Pt.— Atomic Weight : 195. 


In the extraction of platinum the ore is first warmed with 
dilute aqua regia, to dissolve any gold, and then treated with 
stronger aqua regia, often under pressure, when platinum with traces 
of iridium and rhodium go into solution as chlorides. The residue 
consists chiefly of the earthy impurities and of an alloy of osmium 
and iridium (osmiridium) which is not attacked by aqua regia. 
The solution is evaporated to dryness, then digested with water,. 
and the clear liquid mixed with a solution of ammonium chloride. 
A yellow crystalline double chloride of platinum and ammonium 
is thus produced which is difficultly soluble in water and insoluble 
in alcohol. The salt is filtered off, washed, dried, and then heated 
to redness, when metallic platinum remains behind as a grey spongy 
mass, called spongy-platinwm. This is the material used for the 
preparation of vessels made of platinum ; it still contains traces 
of iridium (and rhodium). Very various and often complicated 
processes are used to completely separate platinum from all the 
other platinum metals and to prepare it perfectly pure, for a de- 
scription of which the student must consult a larger book. Small 
quantities of pure platinum may be prepared by the following 
method, due to Bunsen. The solution of the chlorides is mixed 
with a large excess of caustic soda until the precipitate which is first 
produced is redissolved and then boiled with the addition of a few 
drops of alcohol. During this boiling, the platinum tetrachloride 
remains unchanged, but the tetrachlorides of the other metals are 
reduced toa dichloride or a sesqui-chloride, and these do not yield 
an insoluble compound with ammonium chloride. When, therefore, 
the alkaline solution is afterwards acidulated with hydrochlorie 
acid and mixed with an excess of ammonium chloride, the platinum 
alone is precipitated, and the other metals remain in solution. 

Platinum is a greyish-white metal of specific gravity 21'5 ; it is 
malleable and ductile, and very tough, and indeed, scarcely less so 
than iron. Small quantities of iridium render it less malleable, 
but atthe same time make it harder and tougher and more suitable 
for the manufacture of crucibles, dishes, &c. It cannot be fused 
at the temperature of our furnaces, but readily melts in the oxy- 
hydrogen flame, when heated in a lime crucible (p. 24). Thin 
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platinum wire melts easily in the oxy-hydrogen blowpipe, and is 
geven partly volatilized. 

Platinum shares with iron the property of welding at a high 
ttemperature. Two pieces of platinum heated to whiteness, but 
‘still far below the melting point of the metal, may be welded 
ttogether under the hammer. In the same way, the spongy platinum 
which remains behind when ammonium-platinum chloride is heated, 
ımay be welded into a compact mass under strong pressure at a 
high temperature. Such platinum, however, 'still contains traces 
of air, and crucibles made of it often become covered with small 
‚excrescences due to the expansion of this confined air. 

Platinum may be obtained in a still more finely divided state 
than it exists in spongy platinum. We are acquainted with the 
metal inthe form of a loose very fine black powder, called //a- 
tinum black. This form of platinum may be obtained by the re- 
duction of an alkaline solution of platinic, or better, platinous 
chloride. For this purpose platinous chloride is dissolved in an 
excess of caustic potash (or soda), the mixture heated to boiling, 
and small quantities of alcohol gradually added. The metal is 
then reduced and the alcohol oxidized to aldehyde and acetic acid. 
This black powder, when carefully washed and dried at a low 
temperature, absorbs and condenses considerable quantities of 
various gases, especially oxygen, and is therefore a powerful oxi- 
dizing agent. 

Spongy platinum also possesses this property of condensing gases, 
but ina less degree. If a jet of hydrogen is allowed to play on a 
small piece of spongy platinum in the air, the platinum first becomes 
red hot and then ignites the hydrogen. Döbereiner’s hydrogen 
lamp depends upon this property of spongy platinum. The oxygen 
which is condensed in the spongy platinum has stronger affinities 
than the ordinary gas, and as platinum also condenses hydrogen, 
the two substances are brought close enough together to cause their 
union. 

Compact metallic platinum offers a far less surface to the gases 
than the spongy metal ; it acts therefore less energetically, and not 
at all at the ordinary temperature. But if a spiral of platinum 
wire or a piece of thin platinum foil is heated to low redness and 
suspended in a vessel containing a little ether, the vapour of the 
ether, which is contained in the vessel mixed with air, gradually 

becomes oxidized to aldehyde and acetic acid, with so much 
evolution of heat that the platinum spiral remains glowing, and 
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that the ether sometimes catches fire. It has already been men 
tioned (p. 162) that compact platinum, when heated, can convert a 
mixture of sulphurous anhydride and oxygen into sulphuric anhy- 
dride without itself undergoing any change. Platinum black, con- 
taining the metal in its most finely divided state, acts more power- 
fully than either the spongy or compact metal. It can absorb as 
much as 200 times its volume of oxygen, or even more, and we 
may therefore suppose that the gas is condensed by it to the liquid 
or even solid state. If platinum black is moistened with alcohol 
and exposed to the air, the latter substance becomes oxidized to 
aldehyde and acetic acid, and so much heat is set free that the 
metal is raised to redness and continues to glow for some time. 
Platinum is not attacked by either nitric, hydrochloric, or sul- 
phuric acid, but dissolves in aqua regia with formation of platinic 
chloride. Molten caustic alkalies, especially lithia, attack platinum 
at a red heat, and a mixture of fused caustic potash and nitre acts 
more powerfully. Sodium or potassium carbonate is entirely with- 
out action on the metaleven at a white heat. Sulphur, phosphorus, 
and arsenic also slowly attack compact platinum, and the spongy 
metal readily melts when heated with these substances. A mixture 
of silicates and charcoal also attacks platinum, with formation of 
a compound of platinum and silicon, and platinum crucibles are 
therefore soon destroyed if brought into direct contact with glowing 


charcoal. 
Many of the easily fusible heavy metals, such as lead, form 


easily fusible alloys with platinum. If, for example, a piece of lead 
is melted in a platinum crucible, an easily fusible alloy of platinum 
and lead is formed, and a hole is produced in the bottom of the 
crucible. ‘Care must, therefore, be taken that these substances (sul- 
phur, phosphorus, arsenic, and the easily fusible heavy metals), or 
mixtures which might produce them, are never strongly heated in 
platinum vessels. 

The properties which are possessed by platinum—its infusibility 
at any temperature of our furnaces, that it does not unite with 
oxygen at any temperature, and that it resists the action of all acids 
including hydrofluoric acid, but excepting aqua regia—make the 
metal simply indispensable to the chemist. We employ it in the 
form of wire, foil, crucibles and dishes, tongs, tubes, retorts, &c. 
Considerable quantities of platinum are now used in the arts for 
the manufacture of large retorts and coolers in the purification of 
sulphuric acid. Platinum coins were also formerly used in Russia, 
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!but have now been withdrawn from circulation. Notwithstanding 
jits scarcity, platinum is about one-third cheaper than gold, but is 
ı more than seven times as dear as silver. 


Compounds of Platinum. 


Platinum unites with other elements and produces two series of 
. compounds—the Alatinous and platinie compounds—in which the 
metal is a dyad and a tetrad respectively. The compounds of 
platinum thus resemble those of carbon and tin. The most 


interesting of these substances are the chlorides and the peculiar 
platinum bases. 


Platinie Chloride : PtCl,.—On dissolving platinum in aqua 
regia and evaporating the solution to dryness with an excess of 
hydrochloric acid, a brownish-red crystalline and deliquescent mass 
remains behind of the composition: 2HCI,PtCl, or H,PıtCl, + 
6H,O. If, however, excess of the acid is avoided, platinic chloride : 
PtCl,+5H,O, is obtained in fine red crystals. Both dissolve in 
water and produce a reddish-yellow liquid with an acid reaction.! 
Alcohol and ether also dissolve platinic chloride in the cold, but 
are oxidized with reduction of the chloride when the solution is 
warmed. When carefully heated platinie chloride loses one-half 
of its chlorine and becomes converted into platinous chloride ; if 
more strongly heated, it is completely converted into platinum and 
chlorine. 

Platinic chloride readily combines with the chlorides of the 
alkali-metals, of thallium and of the metals of the alkaline earths, 
producing double chlorides in which the chlorine combined with 
the platinum is twice as much as that united with the other 
metals. These salts are mostly difficultly soluble in water and 
insoluble in alcohol, and separate or cerystallize out when solutions 
ofthe two chlorides are mixed. They usually erystallize in regular 
octahedra. 

These double chlorides have all a similar composition to the 
hydrochlorie acid compound referred to above: 2HCI,PtCl, or 
H,PıCl,, and may be considered as salts of this «Alorplatinic acid. 
Potasstum chlorplatinate : 2KCI,PtCl, or K,PtCl,, is a pale yellow 
erystalline precipitate produced when solutions of potassium and 


! The brownish colour which a solution of platinic chloride sometimes 
possesses is due to the presence of traces of iridium and other impurities. --Ep, 


00 
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platinic chlorides are mixed, and which is only completely precipi- 
tated on the addition of alcohol. When heated it breaks up into 
platinum chlorine and potassium chloride, the last of which may be 
extracted by boiling the residue with water. Ammonium chlorplati- 
aate: aNH,C1,PtCl,or (NH,),PtCl,,closelyresembles the potassium 
salt. When gently heated it leaves a residue of pure platinum as 
a grey spongy mass. Sodium chlorplatinate: 2NaCl,PtCl, or 
Na,PtCl,+6H,O, is the only one of the double salts which crys- 
tallizes with water, and which dissolves both in water and alcohol. 
These properties enable us to completely separate sodium com- 
pounds from those of potassium. The sodium and potassium salts 
are first converted into chlorides, an excess of platinic chloride 
then added to this solution and evaporated to dryness. The 
residue is then extracted with strong alcohol when the sodium 
chlorplatinate and the excess of platinic chloride dissolve, leaving 
the insoluble potassium salt behind. Ifan excess of platinic chloride 
had not been added, some sodium chloride, which is insoluble in 
alcohol, would remain with the potassium chlorplatinate. Sodium 
chlorplatinate crystallizes from its concentrated aqueous solution 
in reddish-yellow prisms. 


Platinous Chloride: PtCl,—If platinic chloride is carefully 
heated to 230° in a porcelain basin with continued stirring until 
no further odour of chlorine is perceived, it is completely converted 
into platinous chloride and chlorine. This latter compound is an 
olive-green powder, insoluble in water, but dissolving in hydro- 
chloric acid to form a dark-brown solution. It is converted by 
aqua regia into platinic chloride. Platinous, like platinic chloride, 
unites with other chlorides (of potassium, ammonium, &c.) and 
produces crystalline double salts, which are soluble in water. Its 
behaviour with ammonia shall be described under the account of 
the platinum bases. 


Platinie Oxide: PtO,,and Platinie Hydrate : Pt(OH),.—If 
a solution of platinic chloride is mixed with one of sodium car- 
bonate, the precipitate which is produced is not like platinic 
carbonate but a compound of soda and platinic oxide. If the 
whole is then evaporated to dryness and extracted with dilute 
acetic acid, platinic hydrate remains behind as a compact reddish- 
brown powder. The compound does not dissolve in this acid, but 
produces soluble platinic salts with the stronger oxy-acids, which 
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have as yet been but little investigated. The hydrate also unites 
with strong bases and produces compounds (atinates), in which 
it plays the part of an acid. When gently heated the hydrate is 
converted into a black powder of Dlafinic oxride, which is insoluble 
in acids. 


Platinous Oxide: PtO, and Platinous Hydrate: Pt(ÖH)..— 
Platinous chloride when digested with caustic potash is converted 
into a dark-brown powder of platinous hydrate, which is insoluble 
in water, but dissolves both in strong caustic potash and in acids, 
producing brown solutions in both cases. When the hydrate is 
gently heated, Hlafinous o.xide remains as a black powder insoluble 
in acids. 


Platinic Sulphide: PtS,, and Platinous Sulphide: PtS, are black 
precipitates produced when sulphuretted hydrogen is led through 
a solution of platinic or platinous chloride respectively. They 
both behave as sulpho-acids and dissolve, for example, in potassium 
sulphide to form red solutions. 


Platinous Cyanide: PtCy,.—If platinous chloride is digested 
with sufficient potassium cyanide to dissolve it and the solution 
evaporated down, cerystals of Pofassium-platinous cyanide: 2KCy, 
PtCy, or K,PtCy,, separate out. The crystals show a beautiful 
dichroism—..e. they appear of different colours when viewed in 
different directions. From a solution of this salt, dilute acids 
separate platinous cyauide as a greenish-yellow powder insoluble 
in water and acids. It unites with other cyanides and forms other 
double salts, similar in composition to the potassium compound, 
and which are partly soluble and partly insoluble in water. 


Ammoniacal Compounds of Platinum. 


Under this name is included a number of very interesting com- 
pounds, produced by the action of ammonia on platinous chloride 
and by further changes in the primary compound. In these com- 
pounds a portion of the hydrogen of ammonium is displaced by 
dyad platinum : Pt”, or by the dyad radicals ; (PtCl)”, (PtO)”, or 
even by ammonium itself. 

Substitution of the hydrogen in ammonia or inan ammonium 
compound by a dyad radical may take place in two different ways. 


002 
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Either two atoms of hydrogen may be displaced in orze molecule of 
ammonia by the dyad radical, or one atom of hydrogen may be 
symmetrically displaced from each of /wo molecules of ammonia 
by the radical. The compounds of the first kind are unstable, and 
readily pass into ordinary compounds of ammonia ; such, for 
example, is cyanic acid (see p. 316). 

The second class of compounds—the diammondum compounds 
—are more stable and do not easily pass into compounds of 
ordinary ammonia. 

The ammoniacal compounds of copper, some of those of 
mercury, and possibly those of cobalt, belong to this class of diam- 
monium compounds, but far more important representatives of the 
same group are those which contain platinum. The simplest of 
these is: S/atinoso-diammomium  chloride: Pr {np EZ a 
compound consisting of two molecules of ammonium chloride in 
which two atoms of hydrogen (one from each molecule) are displaced 
by one atom of dyad platinum. And the following compounds 
may serve as types of this very numerous group :— 


(i.) Platinoso - diammonium ) pr’ NEH,GI 
chloride) ' NH,Cl 


NH,(NH,)CI 
NH,NH, a 
NH,(NH,)OH 
NH,(NH,)OH 


(ii.) Diammon - platinoso-) pr” 
(iv.) Chlorplatin- -diammonium) Ptcl "Ncı 


diammonium chloride) ' 
(ili.) Diaminon - platinoso-) pr” 
diammonium hydrate| ' " 


chloride | ' 
(v.) Diammon - chlorplatin- PtC1” NH,(NH,‚)Cl 
®2 INH,(NH,)JCl 


diammonium chloride 
(vi.) Oxyplatin - diammonium) ‚7. 
nitrate) " ° BO 
(vii.) Diammon - oxyplatin- »INH,NH,):ONO, 
diammonium A Ina (NH,):ONO, 


These salts are partly crystalline and soluble in water. The 
following is a brief account of the methods used for obtaining 
them. 

If ammonia is gradually added to a solution of platinous chlo- 
ride in dilute hydrochloric acid, a green crystalline salt separates 
out, whichis a double compound of diammon-platinoso-diammonium 
chloride with platinous chloride :—— 
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(NH,(NH,)Cl Prei. 


Pr NHLNH))C 





This is commonly known as the green salt of Magnus, because 
it was discovered by this chemist ; it may also be prepared from 
its separäte constituents. If this double salt, or if platinous chlo- 
ride (dissolved in hydrochloric acid) is heated with an excess of 
ammonia, the compound diammon-platinoso-diammonium chloride: 

a. N 
Gi): PSHUNHCN 
lowing equation illustrates its production :— 


„(NH,(NH,)C 
Pt, + 4NH, = Prüm N HSCı 


crystallizes out in fine needles. The fol- 


Ifthe two atoms ofchlorine which this salt contains are displaced 
by hydroxyl, the corresponding base (ili.): Pt’’- Br NH" 0 
produced ; this crystallizes from its solutions Br caustic potash 
expels no ammonia from it. It is a powerful base, and forms 
numerous salts with acids.. When this base is heated, it parts with 
2 molecules ofammonia and is converted into Haknoso-diammonium 


ART ‚'NH,OH \ PERE \ 
hydrate: Pr’ INH, ’OH % substance which is no longer soluble in 


water, and which gives insoluble explosive compounds with acids. 
Similarly, if the chloride (ii.) is heated to atemperature not exceed- 
ing 270°, it also loses 2 molecules of ammonia, and becomes 


platinoso-diammonium chloride (i.): Pr’ INH’ a asalt which 


s only slightly soluble in water, and which readily again takes up 
2 molecules of ammonia when boiled with this substance. 

If chlorine is led into water which contains platinoso-diammo- 
nium chloride in suspension, each molecule of the salt combines 
with 2 atoms of chlorine and the dyad platinum is changed into 
the dyad radical (PtC],)”, containing the metal in the tetrad form. 
The salt then produced is chlorplatin-diammonium chloride (iv.), 
according to the equation :— 

(N T 
pr’ INH: a: 0. (Prrchy’NHcı 


This salt, which thus contains its 4 atoms of chlorine differently 
united, is only slightly soluble in water, and when boiled with 
ammonia takes up 2 molecules and becomes diammon-chlorplatin- 
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diammonium chloride (v.) : (PtCl), ne NH. en a salt which 
4 


may be also produced by leading chlorine into a solution of diam- 
mon-platinoso-diammonium chloride (ii.). 
: Aeeee ‚nw|{NH;-ONO, _.; 
Oxyplatin-diammonium nitrate (vi.): (Pti"O) RE .ONO, may 
be obtained from chlorplatin-diammonium eblonds (iv.) by long 
boiling with an excess of silver nitrate, and when heated with 
ammonia yields diammon-oxyplatin-diammonium nitrate (vii.): 
(NH,(NH,)ONO, 
PtO)”- ‚hich erystalli 1 z 
( )" INH. ‚NH.)ONO, which cerystallizes well from hot water. 
Similarly constituted diammonium compounds containing a 
dyad radical are known in organic chemistry. 





PALLADIUM. 
Chemical Symbol: Pd.—Atomic Weight : 106. 


Platinum ores only contain a very small quantity of palladium— 
at most one or two per cent., and the metal is usually prepared 
from a gold ore which contains it, and which occurs in Brazil. 
This ore is fused with silver, then granulated and digested with 
nitric acid, which extracts the silver and palladium and leaves the 
gold behind. The solution is mixed with sodium chloride to preci- 
pitate the silver and the palladium then thrown down from the filtrate 
as palladous cyanide by the addition of mercuric cyanide. The 
cyanide yields the metal when heated to redness, which may then 
be fused in the oxy-hydrogen flame. Palladium melts more easily 
than platinum, and is, in fact, the most easily fusible of all the plati- 
num metals, but can only be melted with considerable difficulty in 
a wind furnace. Palladium resembles platinum in its external 
appearance, but is only about half as heavy : its specific gravity is 
11°4. It is further distinguished from platinum by its solubility in 
nitric acid, and it is even attacked by warm concentrated sulphuric 
acid. It is malleable and ductile, and may be welded at a white 
heat. When heated in the air the metal tarnishes, but regains its 
original lustre when the temperature is raised to a bright red heat. 


Palladium Hydride: Pd,H.— The most remarkable property 
of palladium, a property which is not possessed by any other metal 
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to a similar extent, is its power of absorbing and retaining large 
quantities of hydrogen. The metallic appearance of the compound 
of palladium and hydrogen reminds one of an alloy, and appears 
to prove that hydrogen is a gaseous metal. Its composition is 
Pd,H, which corresponds to 600 volumes of hydrogen absorbed by 
one volume of the metal. The compound is formed at the ordi- 
nary temperature when palladium is brought into an atmosphere 
of hydrogen, but the most favourable temperature for its formation 
is 100°. Above 130° and under the ordinary atmospheric pressure 
it begins to decompose with evolution of hydrogen, but the gas can 
only be completely expelled by protracted glowing. Besides the 
hydrogen which is chemically united with the metal, it can also 
absorb the gas mechanically. If water is electrolysed and palla- 
dium, especially if in the spongy form, used for the negative pole, 
the metal can absorb nearly 1,000 times its volume of the gas. But 
it readily loses the excess of hydrogen which it then contains 
beyond that combined chemically, and at 100° the whole of the 
hydrogen mechanically absorbed is expelled. If a piece of palla- 
dium which has thus been saturated with hydrogen is exposed to 
the air, the gas is rapidly oxidized to water, with a considerable 
evolution of heat; and if placed in a solution of potassium ferricy- 
anide the salt is rapidly reduced to potassium ferrocyanide. Such 
palladium hydride when saturated with hydrogen is, in fact, one of 
the most powerful of reducing agents. It may be preserved for a 
long time unchanged if quickly placed in cold boiled water or 
alcohol. 

This property which palladium possesses of combining both 
chemically and mechanically with hydrogen, explains why hydrogen 
when led through a palladium tube heated to 130° diffuses through 
the walls as if they were porous. At a red-heat hydrogen diffuses 
still more readily through the metal. 

Palladium plays the part of a dyad and tetrad in its compounds. 
We are acquainted with a palladous oxide: PdO, and a corre- 
sponding palladous chloride: PdCl,, with a palladic oxide : PdO,, 
and with palladic chloride : PdCl. 

On dissolving the metal in nitrice acid, a brown solution is pro- 
duced which contains Palladous nitrate: (NO,),O,Pd, and which 
yields yellowish brown deliquescent prisms when evaporated to a 
syrup. The solution serves to detect iodine and to separate this 
substance from bromine and chlorine, since palladous iodide is 
quite insoluble in water, while the corresponding bromide and 
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chloride dissolve easily. Ifthe dry salt is carefully heated as long 
as nitrous fumes are evolved, dalladous oxide: PdO, remains behind 
as a black powder scarcely soluble in acids. 
If palladium is dissolved in aqua regia, a dark-brown liquid 
results, which contains Zalladiec chloride : PdCl, ; and if this solution 
mixed with the alkaline chlorides, similar double salts to those 
containing platinic chloride are produced. 


Potassium Chlorpalladinate : 2KCJ,PdCl, or K,PdCl,, crystal- 
lizes in dark red octahedra. When small quantities of caustic potash 
are added to this salt a dark yellow powder of palladic hydrate 
containing potash is produced. And this when washed with warm 
water leaves a residue of black Zalladie oxide: PdO,, which is 
scarcely attacked by oxy-acids. 

When the solution of palladium in aqua regia is evaporated 
down, it loses chlorine and is converted into Salladous chloride, 
which crystallizes out when the solution is slowly evaporated as 
brownish-red prisms of the composition: PdT],+2H,O, and which 
do not deliquesce in the air. This chloride also produces crys- 
talline double salts with the alkaline chlorides. A solution of 
palladous chloride in water is a very delicate reagent for carbonic 
oxide. The smallest quantities of this gas when brought into 
contact with the solution cause reduction and separation of black 
palladium. 


Palladous Iodide: Pdl,, is quite insoluble in water and in 
dilute acids ; it is obtained as a black precipitate when a soluble 
iodide is added to a solution of palladous nitrate. The correspond- 
ing chloride and bromide are soluble in water. 

Palladous chloride unites with ammonia and produces com- 
pounds similar to the ammoniacal compounds of platinum (p. 563). 





IRIDIUM. 
Chemical Symbol : Ir. — Atomic Weight: 193. 


Iridium resembles platinum in many respects, and only difiers 
from this metal in some of its less important properties. Its specific 
gravity is 224 ; and it is harder and more brittle, and much more 
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difficultly fusible than platinum. In the compact state iridium is 
not acted upon by aqua regia, it is only dissolved when in a finely 
divided state as iridium-black. The metal may be oxidized by 
heating it strongly with a mixture of caustic potash and nitre. 

Iridium is contained in the so-called platinum residues which 
remain after the ore has been digested with aqua regia. It is 
usually present united with osmium as an alloy of osmiridium in 
the form of very hard granules. This alloy may be decomposed by 
mixing it with common salt and heating the mixture in a stream of 
'moist chlorine. The osmiec chloride which is then produced is 
decomposed by the water contained in the moist gas,and converted 
into osmic acid, which is a volatile compound and which condenses 
in a receiver attached to the other end of the tube in which the 
mixture is heated ; at the same time the iridium becomes sodium- 
iridium chloride. The residue remaining in the tube and con- 
taining this salt is extracted with water, mixed with excess of 
sodium carbonate and evaporated to dryness. The dry mass when 
heated to redness yields iridium sesquioxide, which remains when 
the sodium chloride and carbonate are dissolved in water, and 
which is easily reduced to metallic iridium when gently heated in a 
‚stream of hydrogen. 

Besides the compounds of iridium with oxygen and chlorine 
which correspond to those of platinum with the same elements— _ 
L.e. iridic oxide: IrO,, iridious oxide: 1rO, iridic chloride: IrCl,, 
and irzdouschloride : IrCl,, it also forms zrzatum sesgwioxide : Ir,O,, 
and zridium sesquichloride : Ir,Cl,. The former of these com- 
pounds remains as a black powder when sodium-iridium chloride 
is fused with sodium carbonate, and the fused mass extracted with 
water (seeabove). Iridium sesquichloride is obtained when iridium 
is strongly heated in chlorine as a yellowish-brown amorphous 
mass, insoluble in water and acids. 

/ridic Chloride : \rCl,, is obtained by dissolving the sesquioxide 
in aqua regia. It is much darker in colour than platinic chloride, 
and its solution isof a dark-browncolour. It produces double salts 
with the alkaline chlorides similar to those of platinum, but much 
darker in colour. Pofassium-iridium chloride: 2KCl,IrCl, or 
K,IrCl,, forms small dark red, nearly black octahedra, insoluble 
in cold water and only dissolving slightiy when warmed. The 
ammonium salt is very similar. 
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RHODIUM. 
Chemical Symbol: Rh.—Atomic Weight: 104. 


This rare element only occurs in very small quantities in plati- 
num ores, and has therefore been but little studied. In its chemi- 
cal properties it is most closely related to iridium. Rhodium is a 
malleable and ductile metal, more easily fusible than iridium, but 
less sothan platinum, and is insoluble in aqua regia, except when 
alloyed with platinum, in which case it dissolves with this metal. 
When heated in the air it oxidizes slightly. Its oxides and chlo- 
rides correspond to those of iridium ; the most stable are »hodium 
sesqwioxide: Rh,O,, and rhodium sesquichloride : Rh,Cl,. 


OSMIUM. 
Chemical Symbol: Os.— Atomic Weight: 199. 


The separation of this metal from iridium has been described 
on the preceding page. Ifthe vapours of osmic acid are led into 
caustic potash, the resulting liquid evaporated to dryness with much 
ammonium chloride, and the dry residue heated to redness, metallic 
osmium remains behind as a black powder when the fused mass is 
extracted with water. The metal remains unmelted at the highest 
temperatures ; even in the oxy-hydrogen flame it only becomes a 
little more dense. Itmay be obtained as ahard crystalline powder 
when fused with tin, and the tin afterwards removed by hydrochloric 
acid. Osmium has a specific gravity of 22°5, and is apparently the 
densest of all substances. Aqua regia, or even nitric acid, oxi- 
dizes osmium to osmic acid. In the finely divided state, the metal 
burns when heated in the air, and produces the same substance. 

The compounds of osmium with oxygen and chlorine mostly 
correspond to those of platinum, thus: asmous oxide: OsO, and 
osmic oxide: OsO,, osmous chloride: OsCl,, and osmzc chloride : 
OsCl,, and besides these an osmous anhydride: OsO,. But by far 
the most important and interesting of the osmium compounds is 

Osmic Anhydride or Osmic Acid: OsO,, in which the metal 
behaves as an octad element. This compound is produced when 
osimium is heated in a stream of oxygen, and is then deposited in 
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the cooler parts of the tube in colourless crystals. It is also ob- 
tained when the metal or its alloy, osmiridium, is heated in a stream 
of moist chlorine. The corresponding chloride, which is then pre- 
sumedly first produced, but which ıs not known in the free state, is 
at once decomposed into osmic acid by the moisture of the damp 
gas. It melts under 100° to a colourless liquid, boils at a slightly 
higher temperature, and sublimes in colourless glistening needles. 
Osmic acid possesses a piercing odour, somewhat resembling 
‘chlorine, and powerfully attacks the lungs and eyes. Great care 
must therefore be exercised in experimenting with this substance. 
Osmic acid, or more correctly, osmic anhydride, dissolves in water, 
but a compound with this liquid, which would be the true osmic 
acid, has not yet been prepared. Most reducing substances sepa- 
rate metallic osmium from its solution, a change which also goes 
on when the liquid is exposed to the light. A dilute solution is 
used by biologists for hardening organic tissues.— Polassium osmate 
is produced when osmic acid vapours are led into caustic potash, 
and separates from its solution as a crystalline powder on the addi- 
tion of alcohol. 





RUTHENIUM. 
Chemical Symbol: Ru.— Atomic Weight: 104. 


This metal, which resembles iridium and osmium, is less difi- 
cultly fusible than the latter, but more so than the former metal. 
It has a specific gravity of 12°3, is scarcely soluble in aqua regia 
and insoluble in other acids. When fused with caustic potash 
and nitre it is converted into soluble Zorassium rulhenate, and 
when chlorine is led into a solution of this salt the temperature 
becomes high enough to volatilize the oxide zurfhenic acid: RuO,, 
which is then formed. This compound then condenses in a cooled 
receiver as a yellow crystalline mass. In this respect, ruthenium 
resembles osmium, and the two metals are, at present, the only 
elements known of which one atom can unite with four atoms of 
oxygen. 











APPENDIX. 


Atomie and Molecular Weights. 


THE atomic weights of the elements play so important a part both in theo- 
retical and in practical chemistry, that a brief account of the methods used to 
obtain these numbers may not be out of place, even in an elementary text-book 
of the science. 

In deciding upon the number which shall be considered as the atomic weight 
of an element, two distinet questions must be experimentally answered. In the 
first place, the weight of the element must be found which unites with a given 
weight of some other element or elements, of which the atomic weight or 
weights are accurately known ; and, secondly, it must be decided whether the 
number, so obtained, is really the atomic weight, or whether it is only some 
simple multiple or fraction of it. It is hardly necessary to remind the student 
that the atomic weights are simply relative and not absolute numbers, and that, 
since the atomic weight of hydrogen is taken as unity, the atomic weights of the 
other elements simply express how much heavier their atoms are than those of 
hydrogen. 

The first thing to be done in determining the atomic weight of an element 
is, therefore, to find the ratio (chemical equivalent) in which it combines with 
other elements. For this purpose, the element is either made to unite with 
other elements of which the atomic weights are accurately known, or else one 
of its compounds with these elements is decomposed and its composition accu- 
rately determined. Such experiments appear simple enough theoretically, but 
in practice are surrounded by many and often almost insuperable difficulties if 
accurate results are to be obtained. The element or its compound must be 
prepared in a state of absolute purity, and only perfectly pure chemicals must 
be used in all succeeding operations. The greatest care must be taken that no 
impurities are introduced either from the air or from the vessels employed, and, 
what is more difficult to avoid, that a constant error does not occur through the 
entire series of experiments and so vitiate them all. To eliminate this constant 
error as far as possible, it is advisable to use not one but several compounds of 
the element for these determinations, and to employ material which has been 
obtained from various localities. The chemist must have an accurate balance 
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at his disposal, and must know how tn use it properly ; he must find before- 
hand whether his set of weights are exact ratios of one another, for example, 
whether the 10-gramme piece is exactly ten times as heavy as the ı-gramme, 
and one-tenth as heavy as the too-gramme piece, and if they differ from this 
ratio, as the best weights always do, he must find how much they differ and 
make the necessary corrections in his weighings. Finally, he must add to all 
his results the weight of air displaced by the substance weighed, which will vary 
according to the specific gravity of the substance, and according to the height 
of the barometer, the amount of moisture contained in the air and the tempera- 
ture at the time of weighing. 

The above brief description will give some idea of the delicacy of the opera- 
tions which are necessary for a correct determination of the chemical equivalent 
of an element, and it may be safely affırmed ıhat such investigations demand 
greater skill on the part of the operator than almost any other chemical experi- 
ments. 

Supposing, then, that the ratio in which the element combines with other 
elements lor its equivalent) has been accurately determined, it remains to find 
its true atomic weight. Let us imagine, for example, that a given weight of 
pure carbon (the diamond) was burnt in a stream of pure oxygen, that the car- 
bonic acid so produced was carefully collected and weighed by absorbing it in 
a series of potash-tubes, and that it was then found that 3°66 grammes of car- 
bonic acid were produced for every gramme of carbon burnt. It would then 
be known that ı gramme of carbon, when burning to carbonic acid, combines 
with 3'66— 1'00=2°66 grammes of oxygen, or that 6 grammes of carbon com- 
bine with 16 grammes of oxygen. If, then, the atomic weight of oxygen 
is 16, that of. carbon must be 6, or some simple multiple of this number. 
It would be 6 if the compound contained an equal number of atoms of 
each constituent, 12 if it rontained twice as many oxygen atoms as those of 
carbon, and 3 if twice as many carbon as oxygen atoms were present. Or, 
again, suppose that silicon chloride were decomposed in some suitable manner 
so that its chlorine was converted into silver chloride, and that, knowing the 
atomic weights of silver and chlorine and the composition of silver chloride, it 
was found that 100 grammes of silicon chloride contain 83'533 grammes of 
chlorine. Such a result would show that 100-83°53=16'47 parts of silicon 
combine with 83°53 parts of chlorine, or that 7 parts of silicon unite with 
35°5 parts (one atom) of chlorine. Hence the atomic weight of silıcon might 
be 7 or 14 0r 28 or 3‘5. In order to decide which of these numbers correctly 
represents the atomic weight, further experiments are necessary and other 
considerations must be brought to bear on the problem. The further con- 
siderations which assist us in obtaining a solution of this question may be 
classified under three heads, viz. — 

1. The relations between the molecular weights of gases and their density 
(Avogadro's law); . 

2. The relations between the specific heats of the solid elemenis and their 
atomic weights (Dulong and Petit's law) ; and 

3. The relations between the composition of a solid compound and its crys- 


talline form (isomorphism). 
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Let us now see how we can use these three laws to fix the atomic weights of 
the elements. 


I. The determination of the atomic weight of an element from the density of 
its gaseous compounds. 

The important law, first enunciated by Avogadro and therefore called after 
him, states that equal volumes of all gases whether simple or compound con- 
tain an equal number of molecules, or, in other words, that the density of a gas 
is proportional to its molecular weight (see p. 50). Avogadro's law is proved 
not only because it agrees with all known chemical facts, but also because it 
explains the physical properties of gases in the only possible manner. 

In the kinetic theory of gases, as worked out by Maxwell, Clausius, and 
others, it is supposed that a gas consists of a large number of small particles 
(molecules) moving at a high but variable velocity, and, therefore, constantly 
colliding with one another and with the walls of the vessel which contains the 
gas. This collision of the molecules with the walls of the vessel produces the 
pressure which the gas exerts, or the pressure which must be applied to the gas 
to prevent it fronı expanding. If, now, we call zz the mass of each molecule 
and v the the meaz velocity with which the molecules are travelling, the aver- 
age kinetic energy possessed by each molecule is: 3» v”. But if two sub- 
stances are at the same temperature there is no change in the temperature of 
either when they are brought into contact with one another ; there is, it is true, 
an interchange of heat between them, but each gains as much heat as the other 
loses. Hence, if two average molecules of the same or different gases at the 
same temperature are brought together, no change in their temperature is pro- 
duced, and no change in their kinetice energy (measured as heat) takes place— 
i.c, the kinetic energy of each is equal, or :— 

bmw? = 4} mvs? , . . . (1) 

Again, the total pressure which is exerted on the vessel containing the gas is 
represented by the sum of the kinetic energy of all the molecules present in the 
vessel, and if we call this number x, and the total pressure P we have :— 

P= 4nmv, 
or since we only measure the pressure (?) in one of the three directionsin which 
it is exerted :— 
p = iInmv b . f f (2) 

And by experiment. the pressure exerted by equal volumes of all gases at 

the same temperature is equal, hence:: 


pP = Pa, and fr, mv? = Imamyws?. 
But we have already seen (1) that at the same temperature, 32 0,°= Janyvo?, 
Therefore :— nn = N, 


or the number of molecules contained in equal volumes of all gases at the same 
temperature and pressure is the same, 

Further, the density ofa gas is clearly the product of the number of mole- 
eules contained in unit volume into the mass of each—.2.e. d,= rm, and d,= 
Nyms, and since 2,= "a, we get: 

did = m my; 
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or the density of a gas is proportional to the mass.of its molecules or its molecular 
weight! 

This is a brief »&szmed of the physical proof of Avogadro's law with which 
we started. 

It must now be decided with what standard the molecular weights are to be 
compared. We know by experiment that a given volume of oxygen, for 
example, weighs 16 times more than the same volume of hydrogen at the same 
temperature and under the same pressure, and, therefore, that the molecule 
of oxygen must be 16 times as heavy as the molecule of hydrogen, but we do 
not know how many,atoms are contained in the molecule of each gas. That 
the molecule of hydrogen contains a/ least two atoms is clear from the fol- 
lowing. In the union of hydrogen and chlorine equal volumes of the 
two gases combine to form the same volume of hydrochloric acid. Or, one 
molecule of hydrogen unites with one molecule of chlorine and produces two 
molecules of hydrochlorie acid. Each molecule of hydrogen (and of chlorine) 
is therefore broken up into two parts which cannot be less than the atom, 
but »zay contain more than one atom. Hence, therefore, the molecule of hy- 
drogen is considered to consist of 2 atoms; it is not impossible, but highly 
improbable, that its molecule may contain some multiple of this number of 
atoms. 

The atomic weight of hydrogen being taken as unity, and its molecule con- 
sisting of 2 atoms, its molecular weight becomes 2. And since air is 14'44 
times as heavy as hydrogen, the molecular weight of any gas is found by mul- 
tiplying its density (compared with air as unity)by 2x 14'44=28°88 (p. ı5). In 
this way the molecular weights of a number of the elements and of many com- 
pounds have been determined. But in making these determinations our ex- 
periments are confined to those substances which are volatile at comparatively 
low temperatures ; and, in the case öf a compound, to those which do not 
completely decompose when heated above their boiling-point, or which do not 
dissociate or decompose when heated, and recombine again on cooling. And, 
from the experimental diffhiculties which surround the determination of many 
vapour densities as well as the deviation from Boyle's and Charles’ laws at 
temperatures only slightly above the boiling-point of a substance, it follows 
that the molecular weights obtained in this way are never so correct as those 
derived from the ordinary analysis of the substance. The density of the gas 
only tells us whether the molecular weight is a multiple or fraction of a certain 
number, and does not give us the exact number itself. We have seen (p. 574) 
that, by chemical analysis, silicon chloride contains 7 parts of silicon united 
with 35'5 parts of chlorine, and its molecular weight is therefore either 42°5 or 
some exact multiple of this. The density of this gaseous compound has been 
found to be 5‘94, which, when multiplied by 28°88, gives 17T'5, consequently its 
true molecular weight is 42°5x 4=170°0, not 171'5, nor any other multiple of 
42'5. 

The following table gives the vapour densities (7) of those of the elements 
for which this has been determined ; the third column contains the molecular 





1 Maxwell, Theory of Heat, pp. 289 e£ seq. 
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weight (28:88 d) to which this points ; and the fourth the true molecular weight 
(AM): — 














Element | d 28°88xd M 

Hydrogen ö e ; £ “| .0'0693 200 | H, = 2 

Oxygen . A N R e . | 171056 31'93 0 = 38 

Nitrogen . E ; A F . | 0'9713 28°05 N, = 28 

Chlorine . j j A R 1 2°%45 7076 | Ch = zı 
Bromine . E i ; E | 5:54 16000 | Br, = ı60 
Iodine F } F : . - 1878 251°8 I = 254 
Selenium (at 1,409°) . n j ei 5'068 16.4°0 Sy = 158 

Sulphur (at 1,000°) . 5 e . | 224 617 Sn = 6 
„dat soo?) R i . 2 678 195 8 S,; = 192 
Tellurium . R z : n . | 9'08 262'2 Te, = 256 
Mercury . s ; r i ..1..6°99 2018 Hg = 200 
Cadmium . R s : : i 394 1138 Cd = ıı2 
Phosphorus 3 R gi . : 4'438 129°4 P, = ı24 
= 300 | 


Arsenic . R ; : . ) 2042 3009 As; 





From this table it will be seen that the majority of the elements contain two 
atoms in the molecule. To this rule, the hexatomie sulphur, at temperatures 
just above its boiling point, forms an exception, as well as the four elements— 
mercury, cadmium, phosphorus, and arsenic. Mercury and cadmium contain 
only one atom in their molecules, an assumption which is strongly supported 
in the case of mercury by certain physical properties of its gas; while the mole- 
cules of phosphorus and arsenic are made up of four atoms each. 

We possess, then, in Avogadro's law a valuable and certain means for find- 
ing the molecular weights of substances which can be converted into the 
gaseous state without decomposition ; but it remains to be seen how we can 
utilize the same generalization for determining the atomic weight ofan element. 
In the first place, it is evident from the preceding table that the molecular 
weight of an element has no definite relation to its atomic weigh!, and we are 
not therefore justified in making any deduction from the molecular weight of 
an element as to its atomie weight. But the true atomic weight of an element 
may often be found from the molecular weights of its compounds. The atom 
of an element may be defined as the smallest quantity which cın exist in 
any conpo»und, and among a large number of compounds of one element 
it is extremely probable that the molecule of one or more of them will 
contain only one atom, If, therefore, we have determined the vapoui' densities, 
and consequently the molecular weights of a number of compounds of one 
particular element, we may take the atomic weight as the swallest quantity of 
the element which occurs in the molecule of any of these compounds. The 
result so obtained is never absolutely certain, because a compound might be 
discovered containing a less quantity of the element than its received atomie 
weight, and it has but little value when the number of compounds compared 
together is small, but «pproaches certainty when the densities of alarge number 
of compounds are known. The number obtained from this comparison is the 
maximum value possible for the atomic weight—it may be smaller, but it can- 
not be larger. 

pP 
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A few examples may serve to explain more clearly how the atomic weight of 
an element may thus be found. Among those elements of which numerous 
gaseous compounds are known is chlorine. If we examine all these com- 
pounds, we find that none of them contains less than 33°5 parts of chlorine in 
its molecule, and we therefore consider this number as the atomic weight of 
the element. 

The following table gives the percentage composition of four compounds of 
chlorine, their vapour density (d), the molecular weight indicated by this density 
(28°88 x d), and the true molecular composition (M) :—— 

















Compound ee d \28°88xd M 
Hydroch orie acid . ! Ei Bei) 1'247| 36°0 { “ En 
Mercurie chloride . { BE a 9'80 | 283'0 { ee re 
Phosphorous chloride { n | 4'88 | 140'9 ! = a en 
Silicon chloride i (4 Sl 5'94 | 171'6 2 eh x4 | 








The table shows that the chlorine contained in the molecules of the four 
compounds is in the proportion of 1:2:3:4, and as on examining a large 
number of other compounds of the element none has been found with less 
chlorine in its molecule than hydrochloric acid, we consider that this compound 
contains one atom of chlorine, mercuric chloride two atoms, &c. At present, 
therefore, the atomic weight of chlorine is taken as 35'5, but if, at any future 
time, acompound of chlorine shou!d be discovered with only 17'75 parts of 
chlorine in its molecule, the present atomic weight would have to be reduced 
to this number. In the same way, from the comparison of a still larger num- 
ber of vapour densities, the atomic weight of carbon has been fixed at ı2, and 
that of oxygen at 16. And the corresponding numbers for many other elements 
have been determined with more or less certainty, according to the number of 
compounds examined. 

The atomic weights obtained from Avogadro's law are increased in value 
by their agreement with those resulting from other considerations. They agree 
with those derived from the specific heats of the elements in the solid state, and 
from the general properties of the element and its compounds. 

II. The determination of the atomic weight of an element from its specific 
heat in the solid state. 

The specific heat of a substance is the quantity of heat required to raise 
1 gramme of the substance 1°C. as compared with the quantity of heat required 
to raise ı gramme of water through the same inerement of temperature. The 
specific heats (or capacities for heat) of the various elements differ very con- 
siderably from one another. But if, instead of comparing together the quantities 
of heat required to raise egual weights of the elements 1°, we compare those 
necessary to similarly increase the temperature of the afomic weights of the 
elements (in the solid state), we arrive at a different result: we then find thatall 
these quantities of heat are nearly equal to one another. This important law, to 
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which we have already referred (p. 70), was discovered by Dilongand Petit, and is 
therefore usually named after them. The law may also be expressed by saying 
that the capacity for heat of all tie elementary atoms in the solid state (a/omzic 
heat) is the same, or, that the product of the specific heat of a solid element 
and its atomic weight is a constant. The following table gives the specific 
heats of some of the elements in the solid state (s), the temperature (7) at which 
these quantities have been determined, the atomic weights (a. ww.) of these 
elements and their atomic heats (a. #.) ; or the product of the specific heat and 
atomic weight in each case :— 




















Element s N t a.w. a. h. 
o | N 

Lithium € i F 2 ; 0'941 64 | 70 66 
Boron . ; } - . : 0'366 233 | ıro 4'0 
Carbon (Diamond) x ä i 0459 | 985 | 120 55 
Silicon . j . : - f 0203 | 232 |" 280 57 
Phosphorus . P : r ; 0'189 | ı9 | 3r'0 5'9 
Sulphur 5 e ; . 4 0'171 so | 320 BE 
Potassium . . : j i 0'166 —-34 | 390 6'8 
Iron . ö f P i i o'112 +31 56°0 h'3 
Copper . f ‚ f : j 0'095 53 | 634 6°0 
Silver . ; i ; - » .1..0'056 50 1080 | 60 
Tin ’ { : ; ’ ; 0056 50 ı8o | 66 | 
Platinum . F ; ; . 0'0324 55 198°0 64 | 
Lead . i ; : : 1 r OIO3LS 55 207'0 6'5 





This table shows us, in the first place, that the atomic heats of the very 
various elements which it includes are all approximately equal, but we also sce 
that the numbers differ considerably among themselves. "These differences are 
principally due to the change of specific heat with temperature, which nearly 
always increases as the temperature rises. The most striking examples of this 
are seen in the elements carbon, boron, and silicon. At the ordinary temperia- 
tures the specific heats of these three substances are :— 


Carbon = 0'132 (at 33°) 
Boron = 0'238 (at 26°) 
Silicon = 0'170 (at 22°) 


numbers which do not at all agree with the law—e.g. the atomic heat of carbon 
is then 0'132% ı2=1'58. But as the temperature rises the specific heat of 
each rapidly increases until it becomes, to a certain extent, constant, and the 
atomic heat is then found to be normal. Thus, at high temperatures, the three 
elements have the following specific heats :— 


Carbon = 0'459 (at 985°) 
Boron = 0'366 (at 233°) 
Silicon = 0'203 (at 232°) 


For carbon and silicon these numbers correspond to the normal atomic 
heat, and that for boron probably would do so at a slightly higher tempe- 
rature. 

Dulong and Petit's law is therefore only approximately true, or the specific 


PP2 


580 Text-Book of Inorganic Chemistry. 


heat is a function not only of the atomic weight, but also of other properties of 
solids with which we are at present but little acquainted. But notwithstanding 
this, the law enables us to decide between one of two or more numbers, dıffering 
considerably from one another, in determining the atomic weight of an element. 
All that is necessary to find the required atomic weight is to divide the mean 
atomic heat (6°4) by the specific heat of the element in the solid state. The 
quotient is then the approximate atomic weight, which has to be corrected by 
ordinary analytical results. Two examples may be given of how the specific 
heat of a solid element controls its atomic weight. When the metal indium 
was discovered by spectrum analysis it was found in association with zinc, a 
metal which it closely resembles both in the free state and in its compounds. 
The only oxide which indium forms was therefore thought to correspond to 
the only oxide of zinc—i.e. to be a monoxide of the formula : InO ; and this 
gave an atomic weight of 75'6. But soon afterwards the specific heat of the 
metal was determined and was found to be 0'057, which gives an approximate 
atomic weight of Zu =112, and hence its true atomic weight is, not 75'6, 
but 75°6x 12'5=113'4. From this it also follows that the formula of its oxide 
becomes InsO, and that the composition of all its other compounds must be 
correspondingly changed. Two atoms of indium now correspond to three of 
what were formerly considered as the atoms of the element. A precisely 
analogous case is to be found in the atomic weight of the metal beryllium, 
which, during late years, has been taken as 9'r, and its oxide considered as a 
monoxide with the formula : BeO. Recently, however, the specific heat of the 
metal has been determined and fonnd to be 0'445, which points to an atomic 


weight of or =14. The true atomie weight thus becomes g'ıx ı'5=13'65, 
0'445 


and the oxide is a sesquioxide : Be,O;. 


III. Tre determination of the atomic weight of an element from the crys- 
talline form of its solid compounds. 

It was discovered by Mitscherlich that many substances which crystallize in 
the same form with the same or nearly the same angles have a similar chemical 
composition. Such substances are said to be zsomorphous with one another, 
and this law of isomorph'sm may be used to determine the atomic weight of 
an element in the following way. If two substances erystallize in the same 

‚form and the composition of one is known, the composition of the other may 
be inferred to be similar, and thus the atomie weight of any particular element 
wbich it contains may be fixed. The compounds alumina, ferric oxide, and 
chromic oxide all erystallize in the same form of the hexagonal system, and 
from the composition of one of them we can therefore deduce that of the other 
two : if ferric oxide= Fe3O;, then alumina = Al,O;, and chromie oxide= CryO; ; 
and from this ratio the atomic weights of aluminium and chromium may be 
deduced if that of iron is known. 

The atomic weights obtained by isomorphism are not, however, so trust- 
worthy.as those based upon Avogadro’s or Dulong and Petit's law, and for the 
following reasons. That the form in which a substance crystallizes does not 
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entirely depend upon its chemical composition is at once proved by the fact 
that ihe same compound may be dimorphous, or may crvstallize in two distinet 
and entirely different forms—e.g. calcium carbonate, arsenious anhydride, sul- 
phur, &c. In the next place, the composition of two compounds may be 
exactly similar, but they zeed not erystallize in the same form—e.g. the nitrates 
andthe corresponding metaphosphates. And, finally, two substances may cerys- 
tallize in precisely the same form without havıng a similar composition—e.g. 
sodium nitrate (NaNO;) and calceite (CaCO;) ; sodium sulphate (Na,SO,), 
and barium permanganate (BaM,0O,) ; cadmium sulphate (3CdSO, + 8H3:0O), 
and didymium sulphate (Di,3SO, +8H,0). The evidence derived from isomor- 
phism is, therefore, only of value so far as it confirms the results derived from 
the other two laws, or when these two laws cannot be applied. Thus the 
isomorphism of the compounds :— 


K:Sif, + H,O 
K:TiF, + H,O 
KazrF;, + H,O 
K:SnF,;, + H30 


afforded valuable evidence concerning atomic weights of silicon, titanium, and 
zirconium, until they were confirmed by the other two more certain laws. 

The following is a list of some of the more important isomorphous groups, 
showing the chief elements which are connected together by this law :— 


Groups. Elements Connected. 
(i.) Phosphates Pand As 
Arsenates 
tii.) Carbonates of the composition :RCO,, Ca, Mg, Zn, Fe, Mn 
where R=Ca, Mg, Fe,” Zn, Mn. 
(iii.) Double sulphates of the general 
formula: M'%,SO,+ M’SO,+ 6H30, 
where 
M'=K, NH, Fe”,Co, Ni, Zn, Mg, Mn” 
M”'=Fe”, Co, Ni, Mg, Zn, Mn” 
(iv.) The Alums of the general formula : 


M’M'’3S0O, + ı2H,0, K,(NH,),Rb,Cs,Na,Tl, Ag 
where 
M'=K,NH,, Rb, Cs, Na, TI, Ag Al, Fe”, Mo’, Cr" 


M’’=Al, Fe”, Mn’”Cr 
(v.) Chromates, Manganates, Sulphates, Crri, Mnrvi, S, Se, 
and Selenates 


(vi) KMnO, and KCIO, Mnrli, Cjrti 
(vii.) AgsSO,, NagSO, Ag, Na 
(viii.) KaSiF,, H30 ; KaTiF,H350 ; Si, Ti, Zr, Sn 
KaZrF,, H,O - KsSnF,,H30. 
(ix.) Apatite : 3CazP30,, Ca(Cl,F)a 7: As, V 
Pyromorphite : 3Pb,P,0,, PbCh, 
Mimetesite : 3PbzAs,0;, PbClh, Pb, Ca 


Vanadinite : 3Pb;V>0,,PbCh, 
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Relations between the Atomic Weights. 


It has been already remarked (pp. 65 e/ seg.) that certain of the elements 
which possess similar chemical properties and which usually occur associated 
together in nature may be arranged in groups of three ; and that when this is 
done the atomic weight of one is about the mean of the other two. The fol- 
lowing have been mentioned as examples of this triple grouping :— 


(i.) Chlorine = 35'5) 
Bromine = 80'0rMean = B8ır'25 
Iodine = 127°0) 

(ii.) Sulphur N 78230 
Selenium = 790,Mean = 800 
Telluium = 128'0 

(iii.) Lithium = 70 
Sodium = 23'0,Mean = 230 
Potassium = 39'0 ) 


These relations cannot be accidental, and it certainly does appear that the 
properties of an element and of its compounds are related in some way or 
other to its atomic weight. 

Of the various numerical relations which have been supposed to exist be- 
tween the atomic weights we shall here only refer to one hypothesis, which was 
put forward by Prout, and is commonly known as Prouf's law. With regard 
to the connexion between the atomic weight of an element and its properties, 
the most important theory is that known as the Periodic law. This theory, 
which has been developed in late years by Newlands, Lothar Meyer, and 
Mendelejeff, supposes that the properties of the elements change Zeriodically as 
we pass from one to the other when arranged according to their atomic weights. 


Prout's Law.—The hypothesis which is known under this name supposes 
that the atomic weights are all multiples of tlıat of hydrogen by whole numbers, 
and that the elements may therefore be considered as compounds of hydrogen 
- of varying degrees of complexity. Prout's hypothesis was advanced at a time 
(1815) when the atomic weights were much less accurately known than they 
are at present, and when they were usually represented by the nearest whole 
numbers to which the results pointed. It soon became clear, however, that the 
atomic weights of certain of the elements, notably chlorine, could not be re- 
presented by whole numbers, and in order to make the hypothesis applicable 
to these it was proposed to call the atomic weight of hydrogen 2, or even 4. 
But even with such devices as this, accurate determinations of the atomic 
weights of many of the elements by which every possible error was avoided or 
allowed for have shown that in most cases the hypothesis is certainly not true. 

’The atomic weights which are given on p. 60, and used in the text of this 
book, have been mostly taken as whole numbers to avoid fractions ; but for 
some elements much more accurate results than this have been obtained by 
careful investigators and have been confirmed by others, The following table 
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gives a list of these more accurate atomic weights, which shows that onlyina 
few cases is Prout's hypothesis approximately true. In the second column the 
ratio between the atomic weights of hydrogen and oxygen is 1: 15'96, and in 
this column the atomic weights are calculated for these numbers. We may, 
however, consider the atomic weight of oxygen as 16, whenall the other atomic 
weights will be slightly larger. These numbers are given in the third column. 
It will be noticed that the atomic weights there more nearly approach whole 
numbers, and hence Prout's law has not yet been completely forsaken by some 
chemists. 


Table of Accurately Determined Atomic Weights. 














| Element | O = 15% | O= 16 
Aluminium . : ; F ; vi 27'02 27'09 
| Antimony . : ; z . FR 1198 120° 
Barium x . : ; : ä 130'81 137'15 
Boron ; e : j 4 | 10'92 10°95 
Bromine . . F j - A 79'76 79:96 
Cadmium . j i j j ; 111'75 112'03 
Cesium . f 5 ö 5 R 132°65 132'98 
Calcium . . . $ F } 39'95 40'05 
Carbon i i : . : . 11'97 1200 
Chlorine . i ; ; ; f 35'37 35'46 
Copper : : ‚ : ö : 6318 63'34 
Hydrogen . : f . ; P 1'00 1'0025 
Indium : . : i j ; 1134 1137 
Iodine ; : \ : . ; 126°55 12687 
' Iridıum 3 F e : E : 192'5 | 192'98 
Iron . } ’ . j r ] 559 | 56'14 
Lead . ; j ß h F : 206°43 | 206°95 
Lithium : ; ; . - 7°c1 7'03 
Mercury  . i i s > : 199'7 | 200'8 
| Nitrogen . j : : j . 14'010 | 14'05 
| Oxygen f } } f r i 1596 | 16°00 
Phosphorus } ’ i ' 5 30'96 | 31'03 
| Platinum . ; . j ; : 194'5 | 194'99 
ı Potassium . } : R . r 39'02 39'12 
| Rubidium . ! . j . £ 85°2 f 854 
Selenium ; A . ö : 78'8 | 790 
| Silver. fi e - . ; il 107'67 107'94 
, Sodium } ’ : f ; E 22'99 | 23'05 
| Strontium . } r ; i i 87'3 87°5 
Sulphur ; ; » n . ; 31'98 3206 
Vanadium . F ; R : ar SıL 51'2 








The Periodic Law. 


If the elements are arranged according to their atomic weights, commencing 
with the smallest, it is found that those elements with similarchemicaland physical 
properties occur at regular intervals. Various tables have been drawn up to 
exhibit ıhese periodice changes in the properties of the elements, one of which 
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is given below, and the series of facts thus shown to be connected with the 
atomic weight are collectively known as the periodic law. Weowe this useful 
generalization principally to the labours of Lothar Meyer and Mendelejeff :— 
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7 ? II 12 14 16 19 
Na | Mg Al Si P Ss es 
23 24 27 28 at 3%.) 1.35.5 
K Ca Ti, ZW. (by Mn Fe Ni Co 
39 | 40 4 | 52 | 52 | 55 | 56 |585| 
[Cu] | Zn Ga | As | Se Br 
63 65 70 75 79 80 
1} nes 
Rb Sr 4 Zr Nb | Mo Ru Rh Pd 
85 88 12 90 94 96 103 | 104 | 106 
[>], Cd In | Sn | Sb | Te I 





108 112 113 118 120 \2 127 











133 | 137 | 138 | ıgr | 145 

















Er Ybr’ı ia Ww Os Ir Pt 
166 172 182 184 ? | 193 195 














[Au] | Hg av Pb Bi 
199 | 200 | 204 | 207 | 2ıo 














Th U 
agı | 240 
































Referring to the accompanying table, which commences with hydrogen and 
ends with uranium, we find that, omitting hydrogen, the first seven elements 
correspond in their properties to the next following seven : thus, Li corre- 
sponds to Na, C to Si, Nto P, &c. Following on in the series we see again 
that the next seven (less one) also correspond in a regular manner to the pre- 
ceding seven. In this way the elements become classified into various groups, 
which are shown in the vertical columns of the table, and which contain closely- 
related elements. Group I., for example, contains Li, Na, K, Rb, Cs, and the 
allied metals Ag and Cu, as a sub-group ; Group II. includes the metals of the 
alkaline earths, together with Mg, Zn, Cd, and Hg. The elements in each of 
these groups are not only allied chemically but also often connected by similar 
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physical properties ; they further possess the same atomieity in some of their 
compounds. The elements included in the first group are monads, those in the 
second group are dyads, and so on. 

This brief description of the periodic law, which space does not allow us to 
expand more fully, shows clearly thatthe properties possessed by an element are 
closely connected with its atomic weight ; and that the method in which the 
elements are arranged is to some extent correct, is corroborated by other con- 
siderations. It will be noticed that there are several gaps in the above table— 
e.g. between Ca and Ti, Gaand As, Moand Ru, neglecting those among the 
elements of higher atomic weights. These gaps are supposed to be occupied 
by undiscovered elements, a supposition which received a remarkable confir- 
mation in the recent Jiscovery of the metal gallium. Mendelejeff had pre- 
viously predicted that such a metal might exist, and had described its properties 
and approximate atomic weight under the name of ekaluminium. And when 
a few years afterwards the metal now called gallium was discovered, its pro- 
perties were found to agree almost exactly with Mendelejeff’s hypothetical ek- 
aluminium. The periodic law has also done good service in correcting some 
uncertain atomic weıghts. Up to a recent date the metals ofthe cerium and 
yttrium groups were considered as dyads and their ox des as monoxides ; but 
Mendelejeff showed that the atomic weights which they then possessed did not 
agree with their properties according to the periodie law, and proposed to 
multiply these numbers by 15, so that the oxides would become sesquioxides. 
The atomic weights which he had proposed far the cerium metals were after- 
wards found to be correct as soon as their specific heats were determined. 
In the same way the atomie weight of uranium was formerly thought to be 
120, but was supposed by Mendelejeff to be 240—a supposition which was also 
confirmed by a determination of the specific heat of the metal. 

On the other hand, it is none the less true that the periodic law fails to find 
a position for some elements of which the atomic weight has been confirmed by 
Dulong and Petit's law, or by careful analysis. According to the specific heat 
of beryllium its atomic weight should be 13°6 and not 9°1 (p. 430), but with the 
former atomic weight it would fall between carbon and nitrogen, and would 
be entirely out of place. Again, the element tellurium ought to come before 
iodine in the tables, but a recent determination of its atomic weight has con- 
firmed the number 128. And, finally, there ought not to be so many undis- 
covered or missing elements between didymium (145) and erbium (166). 

The periodic law is, therefore, a valuable but still imperfect representation 
of certain chemical facts, and we must be careful not to accept the values for 
the atomic weights to which it points unless confirmed by evidence derived from 
other sources. It must for the present be still regarded as a hypothesis, until 
it has been more fully developed and until theanomalies which it contains have 
been explained, 
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LABLBS: 


1l.—Weights and Measures. 


ı lb. Avoirdupois . = 1602. Av. 
= 7,000 grains 

ı oz. Avoirdupois . . .. = 437'5 grains 

ılb. Toy . . ; . = 120z, Troy 
= 5760 grains 

102, lIioy % ; 2 . = 480 grains 

ı gallon.. 3 2 3 . = 8pints 
= 277'25 cubic inches 

zpint © : ; i .. = 20 fluid oz. 

ı gallon of water at 62° F. 

(16°%°7 C.) weighs . B 70,000 grains 
ı cubic foot of water at 62° F. 
weighs . » : i 62'326 Ib. Av. 

ı metre (m) . N N . = 10 decimetres (dm.) 
= 100 centimetres (cm.) 
= 1000 millimetres (mm.) 
=  39'37 inches 

ıfoot . 5 ? . .. = 3048 centimetres 

ıinch . ’ : ; . = 25'40 millimetres 

1 litre (].) n e i . = 1000 cubie centimetres (c.c.) 

: = 1'76 pints 

ıpint . Ri R R . = 568 cubie centimetres 

ı fluid oz. : A ; u 284 2 

ı kilogramme (kg.) ; . = 1,000 grammes (g.) 
= 2'205 Ib. Av. 

ıgramme . ö N . = 10 decigrammes (dg.) 
= 100 centigrammes (cg.) 
= 1000 milligrammes (mg.) 
= 15'432 grains 

ı Ib. Avoirdupois . : . = 453'6 grammes 

ı oz. Avoirdupois . a 0 9355 ti 


ıgain . . A . . = 64'8 milligrammes 





Dt A . . u . BE un 
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II. — Weight of one cubic centimetre of Dry Air in milli- 
grammes at varying temperatures and pressures. 


(Temperature in ° C. and Pressure in mm. of Mercury.) 

















£ | P=745 750 755 | wo | 7 770 775 | 

m —- | 

4 er | 
[6) 1'268 1'276 1'285 1'293 1'301 1'310 1'319 

1 1264 1'271 1'280 1'288 | 1'296 1'305 1314 | 
3 1'259 1'267 1'275 1'283 1'292 1'300 1'310 

3 1'254 1'262 1'271 1'279 1'287 1'296 1'305 | 
4 1'250 1'258 1'266 1'275 1'283 1'291 1.300 
Es 1'245 1'253 1'261 1'270 1'278 1'286 1'295 
6 1'240 1'248 1'256 1'265 1'273 1'281 1'290 
7 1'236 1'244 1'252 1'261 1'269 1'277 1'286 
8 1'232 1'240 1'248 1'256 1'264 1'273 1'282 
9 1'228 1'236 1'244 1'252 1'260 1'268 1'277 
10 1'223 1'231 1'239 1'247 1'255 1'263 1'272 
11 1'219 1'227 1'235 1'243 1'251 1'259 1'268 
12 1'215 1'223 1'231 1'239 1'247 1'255 1'263 
13 1'210 1'218 1'226 1'234 1'242 1'250 1'259 
14 1'206 T’214 1'222 1'230 1'238 1'246 1'254 
15 1'202 1'210 1'218 1'226 1'234 1'242 1'250 
16 1'198 1'206 1'214 1'222 1'230 1'238 1'246 
17 1'194 1'202 1'210 1'218 1'226 1723 1'242 
18 1'189 1'197 1'205 1'213 1'221 1'229 1'237 
19 1'185 1'193 1'201 1'209 1°217 1'225 1233 
20 1181 1'189 1'197 1'205 1'213 1'221 1'229 
21 1'197 1'185 1'193 1'201 1'209 1'977 1'225 
22 1'173 1'181 1'189 1'197 1'205 1'213 1'221 
a 23 1'169 1'176 1'184 1'192 1'200 1'208 1'216 
24 1'165 1'172 1'180 1'188 1'196 1'204 1'212 
25 1'161 1'168 1'176 1'184 1'192 1'200 1'208 

| I 




















IIIL—IVerght of one cubic centimetre and volume of one gramme 
of Water at varying temperatures. 


(Mean of Several Determinations.) 
































| emp: | Weight of ı c.c. Volume of ı gr. I} Temp: Weight of ı c.c. | Volume of ı gr. 
in grammes | IN:C.E, | in grammes | Re 
| 

er ei | 
o 0'999878 1'000122 I 123 0'999430 1'000570 | 

1 0°999933 2’000067 || 14 0999297 1'000703 

2 0'999972 1'000028 | 15 0'999154 1'0008.47 

3 0'939993 1'000007 | 16 0°999004 1'000997 

4 1'000000 2000000 || 17 0°998839 1'001162 

5 0999992 1000008 | 18 0'998663 1'001339 

6 0'996969 r’000031 || 19 0°998475 1001527 

7 0'999933 1. | 20 0'098272 1'001731 

8 0'999882 rooonB || 2ı 0'998065 1'001939 

9 0'99g819 1'000I8I I 22 0997849 1002150 

10 0'999739 1'000261 | 23 0997623 1'002383 

II 0°999650 1'000350 24 0'597386 1'002621 

12 099544 1'000456 | 25 0'597 140 1'002868 
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IV. — Tension of Agueous Vapours at varying temperatures. 


(Tension in mm. of Mercury.) 




















| 
Temp. | Tension | Temp. | Tension | Temp. | Tension lemp. Tension 
| 
[e} o o o 
=I5 14 |+7 747 || #17 14'490 +50 91'98 
| —ı0 Ba 8 7:09 | 18 %5°33 60 148'88 
Pe / ee 8°55 | ı9 | 16:32 70 | 233'31 
|. 0| 457 I © g'14 29 17'36 80 | 35487 
i+ı| gr 11 977 | 2zı| 1847 || 9go| 525%47 
| 2 507 | 12 1043 || 22 19'63 100 760'00 
| 3 3'66 13 ır’14 23 2086 ıIo | 10754 
4 6'07 | 14 ır88 24 22'15 120 | 1491'3 
| 5 6'51 | 15 1267 | 25 23'352 130 | 2030°3 
| 6 6°97 | 16 13°5tT | 26 2496 140 | 2717'6 
| 








V.—Borling-point of Water (t) under varying barometric pressure 














(P). 

a { p t Pp. hi PB t 

o | © 5 o 
740 99.26 | 749 99'59 758 99'93 767 100'26 
2 1,9930 750° | 99763 759 99°96 || 768 | 100'29 
742 | 99'33 || 751 | 9967 760 | 10000 769 | 100'33 
743 99°'37 752 99°71 761 100'04 779 100'36 
744 gg'4I 753 9974 762 100'07 771 10040 
745 99'44 | 754 9978 763 100'II 772 100'44 
746 99'48 | 755 99.82 764 100'15 773 100°47 
747 9952 || 756 99'85 7653 100'18 774 100°51 
778 99'56 757 | 99'939 766 100'22 775 100'55 




















VI.—Corrections to reduce the Readings of a Barometer with a 
Glass Scale at different temperatures to 0°. (Landolt and 
Börnstein.) 


(The Corrections are in mm., and are to be deducted from the Readings.) 


























Temp. 740 mm. 750 mm, 760 mm. 770 mm. 780 mm. 

o 

I 0°12 0'13 0'13 0'13 0'13 
2 0'26 0'26 0'26 0'27 0'27 
3 0'38 0'39 0'39 0'409 0:49 
4 o'51 057 0'53 0'54 0'54 
5 0'64 0'65 0'66 0'67 0'67 
6 0'77 078 0'779 o'80 o'81 
7 0'90 0'91 0'92 0'93 0'94 
8 1'02 104 1'05 1'07 1'08 
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Vl.—Continued. 

| 750 mm. 766 mm. | 770 mm. 780 mm. | 
115 1'17 ı'18 | 1'20 a 
1'28 1'30 LIT | 1'33 1"35 
Try 143 1'45 147 1'48 
1'354 1'356 1 58 1'060 1'62 
1'66 1:69 1'771 273 175 
179 1'82 184 1'87 1'89 
1'02 195 1'97 2'00 2'02 
2'05 2:08 2'10 2'113 2'16 
2'138 2°21 2'24 2'26 2'29 
2'30 2'34 2'37 240 2'43 
2'43 | 2'47 2'50 2'53 2'356 
2'536 | 2:60 2'63 2:66 2'70 
2:69 | 2'72 2'76 2'80 2'83 | 
2'82 | 2'85 2'89 2:93 | 2'07 
24 | 208 3°02 3:06 310 | 
37 | zıı 316 320 324 | 
3'20 324 | 329 3'33 337 | 





VIL—S2ecifie Gravity and Composition of Dilute and 






































Concentrated Acıds. 
Sulphurie Acid | Nitrie Acid | Acetic Acid | Hydrochlorie Acid | 
l 200 | | Fi | 
r. > I 
"SON Specife | Fer Gent. Speeific Ho, Specihe  Percent | Specifie | 
by weight SUN pyweighe BAY Du eighe gravity by weighı | Bravity | 
5 1'031 5 1'030 | 5 | T'0067 5 1'027 
10 1'069 Io 1'059 10 | T'o142 10 1'050 
15 1'106 15 1'089 15 20214 | 15 1'075 
20 1'146 20 1'120 20 10284 20 1'101 
25 1184 25 1'153 25 1'0350 25 1'126 
30 1'224 30 1'185 30 T’o412 30 1.151 | 
35 1'266 35 1'218 35 1'0470 35 117 
40 | 1'306 40 TasL 40 1'0523 40 1'200 | 
45 1’a5t 45 1'284 45 10571 | 424 1'210 | 
50 | 1'399 50 1'319 50 10615 
55 1448 55 1'346 55 10653 
60 | 1'502 60 1'374 60 10685 
65 | 1'557 65 1'395 65 1'0712 
70 1615 70 1423 70 10733 
75 1'675 75 1'442 75 1°0746 
80 1.733 80 1'460 80 1'0748 
85 1'783 85 1478 85 1'0739 
go 1'819 go 1'495 90 10713 | 
95 1'839 95 1'513 95 10660 | | 
100 | 1'838 100 | 1'330 100 10553 | 
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VIIL—Specifie Gravity and Composition of Alkaline Solutions. 
Caustic Potash Caustic Soda Ammonia 
Per cent. Specifi Per cent. . Per cent. R 
KOH pecific NaOH Specific Specific 
by weight grayity by weight gravity | hy weight | Bravity 
5 I’o4I 5 1'058 5 0'979 
10 1'083 10 T’IIS Io 0'959 
15 1'128 15 1'170 15 0'941 
20 1377 20 1'225 20 0'925 ° 
25 1'230 25 1'279 25 o'gII 
30 1'288 30 1'332 30 0'898 
35 1'349 35 1'384 33 0'891 
40 1'412 40 1'437 36 0'884 
45 1'475 45 1'488 
50 1'539 50 1'540 
55 1604. 55 T'5yL 
60 1'667 60 1'643 
65 1'729 65 1'695 
79 1'790 79 1'748 











To convert a density expressed in Twaddell's degrees into true specific 
gravity :— 
Divide by z2ooand add ı. Thus, 25° Twaddell=,23,+1=1'125. 


IN. — Heat of Formation and Solution of some Important 
Compounds. (After Thomsen.) 


NoTE.— The quantity of heat (H) is expressed in the number of kilogrammes 
of water which would be raised 1° C. in temperature on the formation of the 
molecular weight of the compound in grammes. Thus :— 


(H3,0) = + 684 


means that on the formation of 18 grammes of water, or on the combustion of 2 
grammes of hydrogen, the quantity of heat set free would raise 68°4 kilos. of 
water 1°. If heat is absorbed, instead of liberated, the number is expressed as 
a negative quantity. 














Compound ' H Remarks 
(H?,O) + 68°4 | Liquid water 
(H2,O?, aq.) + 45'3 | Formation of H3O; in dilute solution 
H2,S) + 4'7.| Gaseous H3S 
(H?S, aq.) +  4'6 | Solution of H3S in water 
VERS + 22°0 | Gaseous HC] 
HC], aq.) + 17'3 | Solution of HCl in water 
(nen + 8°4 | Gaseous HBr 
(HBr, aq.) + 19'9 | Solution of HBr in water 
L) fi — 60 | Gaseous HI 
Hlaag;. . + 19°2 | Solution of Hl in water 
21.C1,0°; 394.) ; + 23'9 | Formation of HCIO; in dilute solution 
H,Br,OP, aq.). + 124 HBrO; AR 
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IX. C ontinued. 


























H Remarks 
+ 55'8 ' Formation of HIO; in dilute solution 
+ zı'r | Gaseous SO, 
+ 7'7 | Solution of SO, in water 
+103'2 | Liquid SOz 
+ 39'2 | Solution of SO, in much water 
+192'9 | Liquid H,SO, 
+ ı17°9 | Solution of H,SO, in much water 
+ 11'9 | Gaseous NH; 
\ + 8°4 | Solution of NH; in water 
+ 75'8 | Solid NH,Cl 
| — 17'353 | Gaseous N,O 
— 216 | Gaseous NO 
+ 30'8 | Formation of HNO; in dilute solution 
— 2'0 | Gaseous NO, 
+ 41°6 | Liquid HNO, 
+ 7'3 | Solution of HNO; in water 
+ 369'9 | Solid PO; 
+ 302°6 | Crvstalline H,PO, 
+ 105'0 | Solid PCI, 
+ 75'3 | Liquid PCI; 
+ 71°4 | Liquid AsClz 
+ 91'4 | Liquid SbClz 
+ 29'0 | Gaseous CO from amorphous C | 
+ 97°0 ia Os F | 
+ 21'8 | Gaseous CH, 
—- 27 ti CH, 
—' 48°2 u #2 
— 65°7 » (CN) 
+101'2 | Furmation of KCl in dilute solution 
(K, Br, aa. ) + g0'2 = KPr 2 
(K, 1, aq.) + 73:0 Kl . 
(K,C1,0°). + 959 Crystalline Ei 
(K?SOt) . | +344°6 K,SO, 
(K?’SO#, H? sO,). \ +"16°6 | Formation of KHSO, from K,SO, and HsSO, | 
(K,N,O3). . | +ı1g'5 | Crystalline KNO, 
(KNO,, aq.) \— 85 | Solution of KNO; in water 
(Na,Cl, aq.) + 96°5 , Formation of NaCl in dilut® solution 
(Ca,Cl, aq.) +187'2 | " CaCl, ER 
(Ca,C,0®). +270'4 | CaCO; as calcite 
(Ba,Cl®, aq.) ‚ *196°8 | Formation of BaCl, in dilute solution 
(Ba,SO!) . | +338°r | BaSO, as an amorphous powder 
(A®CI) . \ +322°0 | Anhydrous ALC], (solid) 
(AU’C), aq.) +153'7 | Solution of Al,Cl, in water 
(Fe, Cl, ag.) +255'4 | Formation of Fe’CI1® in dilute solution 
{Fe,Cl#, aq.) ' + 100'°0 re Fell, I. 
(2n,3,0%, ag.) . | #248°5 u ZnSO, 
(Cu,0O) 3 + 37'2 | Solid CuO 
(Cu,8,0%). + 1826 | Anhydrous CuSO, (solid) 
(Cu,S.O!, aq.) +198°4 | Formation of CuSO, in dilute solution 
(Ag,Cl) | + 29°4 | Solid AgCl 
(Ag, Br) + 227 „ AgBr 
(Ag) + 138 „ Agl 
(AgN, 08, ag. \. | + PR an of AgNO; in dilute solution 
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!Acıns. 56 
?Acid hydrates, 56 
:Aflinity, 45, 51 
!Agate, 269 
Air, 200 
Air bath, 89 
:Alabandite, 463 
:Alabaster, 394 
:Albite, 365, 425 
:Albumen, 140 
‚Algaroth powder, 257 
‚Alkali manufacture, 370 
— waste, 169, 372 
‚Alloys, 58 
. Alum, 423 
— cake, 423 
shale, 424 
. Alumina, 421 
. Aluminates, 422 
. Aluminie acid, 422 
Aluminite, 423 
Aluminium, 419 
— bronze, 531 
— chloride, 428 
-—— detection of, 429 
— fluoride, 428 
- gold, 53: 
— hıydrate, 421 
—- oxide, 421 
—- phosphate, 425 
salts of, 422 
—- silicaie, 425 
— sulphate, 422 
sulphide, 428 
Alunite, 140, 424 
Amalgamation process, 543 


ANT 


Amalgams, 58, 541 
Amethyst, 269 
Amidogen, 183, 188 
Ammonia, 183 
soda process, 372 
Ammonium, 183, 188, 382 
bromide, 386 
carbı nate, 383 
chloride, 385 
— chlorplatinate, 562 
chromate, 477 
detection of, 387 
dichromate, 477 
ferrocyanide, 456 
nitrate, 383 
phosphates, 383 
sulphate, 382 
— sulphide, 386 
sulphydrate, 386 
-- sulphostannate, 520 
Amorphous carbon, 282 
Analysis, 4 
Anatase, 322 
Analcime, 425 
Andalusite, 425 
Anglesite, 498, 503 
Anhydrides, 56 
Anhydrite, 394 
Animal charcoal, 283 
Anorthite, 425 
Anthracite, 284 
Antichlor, 103, 369 
Antimonic acid, 254 
anhydride, 254 
— chloride, 257 
Antimonite, 250, 258 


© 
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ANT 


Antimoniuretted hydıogen, 252 
Antimonous chloride, 256 
— sulphate, 254 

— sulphide, 258 
Antimony, 250 

— compounds of, with oxygen, 253 
— — the halogens, 256 

— — sulphur, 258 

— glass, 259 

— pentachloride, 237 

— pentasulphide, 259 

— pentoxide, 254 

— sulphochloride, 257 

— tetroxide, 256 

— tribromide, 257 

— trichloride, 256 

— triiodide, 258 

— trioxide, 253 

— trisulphide, 258 
Apatite, 206, 396 
Appendix, 573 
Adquamarine, 429 

Aqua regia, 198 

AÄrgentan, 492 
Argillaceous iron ore, 436 
Arragonite, 286, 399 
AÄrsenic, 229 

-— anhydride and acid, 244 
Arsenical pyrites, 229, 437 
Arsenic bloom, 233 

— compounds of, with oxygen, 233 
— — the halogens, 246 

— — sulphur, 248 

— detection of, 237 

— disulphide, 248 

-—— pentasulphide, 250 

— trisulphide, 248 
Arsenious acid, 235 

-- anhydride, 233 

— bromide, 247 

— chloride, 247 

— iodide, 247 

— fluoride, 248 

— sulphide, 248 
Arseniuretted hydrogen, 231 
Arsine, 23 

Asbestos, 413, 417 

— platinized, 162 
Atacamite, 528 
Atmospheric air, 200 


BIS 


Atomic heat, 579 

— weights, table of, 60 

— theory, 44 

— weights, determination of, 573 
— — relations between, 65, 582 
Atomicity, 47 

Atoms, 45 

Augite, 413, 417 

Auric acid, 554 

— chloride, 553 

— cyanide, 554 

— oxide and hydrate, 554 

— sulphide, 555 

Aurous chloride, 555 

— cyanide, 555 

— oxide, 555 

Avogadro’s law, 50, 575 
Azurite, 523, 528 


BARIUM, 408 
carbonate, 41I 
— chloride, 4Iı 

— chromate, 477 
— detection of, 412 
— Iıydrate, 409 

— nitrate, 4II 

— oxide, 408 

— peroxide, 41O 
— sulphate g11 

— sulphide, 412 
Baryta, 408 
Baryta-water, 409 
Basic hydrates, 56 
Bay salt, 377 
Bell-metal, 531 
Beryl, 429 
Beryllium, 429 

-— carbonate, 430 
— chloride, 430 

— hydrate, 430 

—- oxide, 430 

-— sulphate, 430 
Bessemer process, 441 
Biotite, 413 
Bismuth, 513 

— chloride, 515 

— chromate, 515 
— detection of, 515 
-—— nitrate, 515 
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BIS 


smuth oxide and hydrate, 514 
suboxide, 514 
sulphide, 515 
!Bismuthie acid, 514 
!Bismuthinite, 515 
FBlack ash, 371 
—— lead, 281 

[Blast furnace, 437 
IBleaching powder, 102, 116, 400 
IBlende, 140, 493, 496 
!Blue vitriol, 525 
IBog iron ore, 435 
IBole, 427 
1Bone ash, 396 

-— black, 283 
IBoracite, 260, 417 
|Borax, 376 
!Boric acid and anhydride, 262 
'Boron, 260 
-— nitride, 266 

— sulphide, 266 
-— tribromide, 265 
-— trichloride, 264 

— trifluoride, 265 
Boronatro-calcite, 260 
Boulangerite, 507 
Brass, 530 

Braunite, 460, 463 
Breithauptite, 250 
Britannia metal, 252, 521 
Bromic acid, 122 
Bromide of lime, 123 
Bromides, 122 
Bromine, 118 

Bronze, 531 
Brookite, 322 

Brown coal, 285 
Brucite, 415 

Burnt alum, 423 
Bunsen burner, 309 
— pump, 33 


'CADMIUM, 497 

—- compounds of, 497 
— (letection of, 498 
Cxsium, 380 
compounds of, 381 
Calamine, 493, 495 
Calcareous tufa, 400 





Index. 595 


CHA 


Calcite, 286, 399 
Calcium, 388 

— carbonate, 398 

— chloride, 404 

— chromate, 477 

— detection of, 405 

— diacid phosphate, 398 
— (luoride, 405 

—— hydrate, 390 

— monacid phosphate, 398 
—- nitrate, 396 


‚— oxalate, 404 


— oxide, 389 

-—— pentasulphide, 405 

— peroxide, 393 

— phosphate, 395 

— silicate, 401 

— sulphate, 394 

— sulphide, 405 

— sulphydrate, 405 
Calomel, 540 
Calespar, see Calcite 
Cannel coal, 285 

Caput mortuum, 163, 447 

Carbamic acid, 293 

Carbon, 277 

— disulphide, 300 

— compounds of, 286 
— — with hydrogen, 303 
— hexachloride, 310 
— oxychloride, 297 

— oxysulphide, 302 
-—— tetrabromide, 310 

tetrachloride, 309 

Carbonic acid or anhydride, 286 
—- oxide, 294 
Carbonyl chloride, 297 
Carnallite, 418 

Cassel yellow, 506 
Cassiterite, 510, 519 
Cast-iron, 438 

Caustic potash, 346 

soda, 367 

Celestine, 406 

Cement copper, 526 
— steel, 441 

Cerite, 433 

Cerium, 433 

Cerussite, 499, 504 
Chalcedony, 269 
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CHA 


Chalcostibite, 250 

Chalk, 286, 400 

Chalybeate springs, 446 
Chameleon mineral, 466 
Charcoal, 282 

Chemical afhinity, 4, 51 

— calculations, 61 

— combination, laws of, 37 
— elements, remarks on, 63 
— equivalents, 42 

— nomenclature, 54 

— processes, 3 

— properties, 77 

— symbols and formuls, 58 
Chili saltpetre, 369 
China-clay, 426 
Chlorchromic acid, 477 
Chloric acid, IIO 

Chloride of lime, 102, 116, 400 
Chlorides, 109 

Chlorine, 97 

— hydrate, 103 

— oxides and oxy-acids, 109 
— - peroxide, 114 

Chlorous anhydride and acid, I14 
Chlorplatinic acid, 561 
Chlorsulphonic acid, 165 
Chromates, 474 

Chrome alum, 425, 471 

—- iron ore, 468 

-— red, 506 

— yellow, 506 

Chromic anhydride and acid, 473 
— chloride, 472 

— hydrate, 470 

-— nitrate, 472 

— oxide, 469 

-—— phosphate, 472 

— sulphate, 471 

Chromites, 470 

Chromium, 468 

-— detection of, 479 
Chromous chloride, 473 

-— hydrate, 473 

Chromyl chloride, 478 
Chrysoberyl, 429 

Cinnabar, 533, 538 

Clay, 426 

Clay ironstone, 436, 446 
Coal, 284 
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CUP 


Coal gas, 319 
Cobalt and nickel, 483 
Cobalt, 484 
— arsenides, 489 
- - bloom, 230 
— detection of, 489 
Cobaltie chloride, 486 
—- — ammoniacal compounds of, 
487 
oxide and hydrate, 485 
Cobaltous carbonate, 486 
-— chloride, 487 
cyanide, 488 
— nitrate, 486 
— nitrite, 486 
— oxalate, 487 
- oxide and hydrate, 485 
phosphate, 486 
- sulphate, 486 
— sulphide, 488 
Coke, 284 
Colcothar, 163, 447 
Cold-short, 440 


. Columbite, 330 


Common salt, 365, 376 
Combustion, 29 

Compound radical, 61 
Condy’s fluid, 467 

Contact action, 162 

Copper, 523 

—— alloys of, 530 

—- detection of, 531 
Copper-glance, 523, 530 
Copper-pyrites, 140, 437, 523, 530 
Coprolites, 206, 39 
Corrosive sublimate, 536 
Corundum, 421 

Couple, galvanic, 518 
Corvellite, 529 

Crocoisite, 506 

Crocus antimoni, 259 
Cryolite, 134, 365, 420, 428 
Crystals, how obtained, 75 
Crystalline systems, 71 
Crystallography, 70 

Cubic alum, 423 

— nitre, 369 

Cupellation, 499, 551 
Cupric acetates, 528 

— ammonium sulphate, 526 
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CUP 


Zupric arsenite, 527 
bromide, 528 

— carbonates, 527 
— chloride, 528 
- compounds, 524 
hydrate, 525 

— nitrate, 527 
— oxide, 524 
— phosphate, 527 
— sulphate, 525 
-— sulphide, 528 
Cuprite, 523, 529 
(Cuprous chloride, 529 
-— compounds, 529 
— hydrate, 529 

— jodide, 530 

— oxide, 529 

— sulphide, 530 
(Cyamelide, 317 
(Cyanic acid, 316 
4Cyanogen, 311 

— bromide, 319 
— chlorides, 318 
— jodide, 319 
' Cyanuric acid, 317 


Dairox’s atomic theoıy, 45 


Datolite, 260 
Decrepitation, 87 
Deliquescence, 85 
Density of gases, 51 
Desiccator, 87 

Dialysed iron, 445 
Diamoni, 279 

Diaspore, 422 

Dibasic acids, 56 
Dichromic acid, 475 
Didymium, 433 
Dimorphism, 75 
Displaceable hydrogen, 56 
Diselenium dichloride, 179 
Disthene, 425 

Disulphur dichloride, 173 
Disulphuric acid, 166 
Dithionic acid, 170 
Divalent elements, 47 
Dolomite, 286, 413, 417 
Drummond’s light, 25 


Dark-red silver ore, 250, 543. ! 
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FLA 


Dulong and Petit’s law, 70, 578 
Dutch metal, 531 

Dyad, 47 

Dyscrasite, 250 


TEARTHENWARE, 426 
Eaux de Javelle, 118, 355 
Electro-chemical theory, 46 
Electrodes, 6 
Electro-gilding, 556 
Blectrolysis, 6 
Ylectro-plating 550 
Elements, 5 
— general remarks on, 63 
Emerald, 429 
Emery, 421 
Epsom salt, 140, 415 
Equivalent weights, 42 
Erbium, 433 
Etching on glass, 136 
Ethylene, 306 
— «libromide, 307 

- dichloride, 307 
Eudiometer, 25 


FAHLERZ, 523 
Fayence, 426 
Felspar, 420, 425 
Ferric acid, 450 
— chloride, 451 
— disulphide, 452 
— hydrate, 447 
nitrate, 449 

— oxide, 447 

— phosphate, 449 
sulphate, 448 
l’erromanganese, 439 





Ferrous and ferric compounds, 444 


— carbonate, 446 

— chloride, 450 

— hydrate, 445 

— jodide, 451 

- oxide, 445 

- phosphate, 447 

— sulphate, 445 

— sulphide, 452 
Fining, 439 
Ylame, structure of, 308 
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FLI 
Flint, 269 


Flowers of sulphur, 142 
Fluoboric acid, 265 
Fluorine, 133 
Fluor-spar, 134, 388, 405 
Fluosilieic acid, 275 
Fluotitanic acid, 325 
Fuller’s earth, 427 
Fulminating gold, 554 
— silver, 546 


Fuming sulphuric acid, 163 


Fur of kettles, $3 
Fusible metal, 522 


GADOLINITE, 433 
Galena, 140, 498, 507 
Gahnite, 422 

Gallium, 431 

Galvanic couple, 518 
Galvanized iron, 443, 494 
Gasometer, 15 
Gay-Lussac’s law, 43 
German silver, 402, 531 
Gibbsite, 421 

Glance cobalt, 484, 489 
Glass, 401 

Glauber’s salt, 140, 367 
Glucinum, see Beryllium 
Gold, 552 

— alloys of, 556 

— compounds of, 553 
Grain-tin, 517 

Granite, 269, 420 
Graphie tellurium, 552 
Graphite, 281 
Graphitie acid, 282 
Green vitriol, 445 
Greenockite, 497 
Guignet's green, 471 
Gun-metal, 531 
Gunpowder, 351 
Gypsum, 140, 388, 394 


H.EMATITE, 436, 447 
Halogens. 96 
Haloid-acids, 57 
Haloid salts, 57, 96 
Hard water, 83 


Inaex. 


IRO 


Hartshorn, spirits of, 183 
Hauerite, 463 
Hausmannite, 460, 464 
Heavy carburetted hydrogen, 5304 
Heavy metals, 436 
Heavy spar, 140, 408 
Hexads, 47 
Hornblende, 413, 417 
Horn-silver, 543 
Hyaeinth, 434 
Hydrargillite, 421 
Hydrates, 56, 7 _ 
Hydraulic mortar, 393 
Hydriodic acid, 127 
Hydrobromic acid, 120 
Hydrochloric acid, 104 
Hydrocobalticyanic acid, 488 
Fiydrocyanic acid, 313 
Hydroferrieyanic acid, 458 
Hydroferrocyanic acid, 457 
Hydrofluoric acid, 134 
Hydrogen, 16 
Hydrogen peroxide, co 
— persulphide, 148 
Hydrosulphurous acid, 155 
Hydroxylamine, 186 
Hypobromous acid, 123 
Hypochlorous anhydride and acid, 
116 
Hypophosphoric acid, 220 
Hypophosphorous acid, 222 
Hyposulphuric acid, 170 
IIyposulphurous acid, 167 






Ice, So, $ı 
Iceland-spar, 399 
Imidogen, 183, 188 
Indium, 432 
— compounds of, 432 
Infusorial earth, 269 
Iodic acid, 129 
anhydride, 130 
Todides, 129 
Iodine, 123 
— chlorides, 133 
- - oxy-acids, 129 
Iridium, 568 
chloride, 569 
Iron, 436 
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IRO MAG 
Iron alum, 425, 448 Lead sulphate, 503 
— compounds, 444 — sulphide, 507 
— compounds of, with cyanogen, Lepidolite, 379 j 
43. Light, influence of, on chemical 
. — detection of, 459 affınity, 53 
— pyrites, 140, 437, 452 — carburetted hydrogen, 304 
— rust, 442 — red silver ore, 543, 551 
— spinelle, 422 Lignite, 285 
- Isomerie compounds, 38 Lime, 389 
somorphism, 75 chloride of, 102, 116, 400 
— felspar, 425 
j — light, 25 
JAMESONITE, 507 milk of, 390 
Jasper, 269 — water, 390 
Jet, 285 Limestone, 286, 399 
Limonite, 436 
Linnxite, 489 
KaouLıIn, 426 Liquor ammonix, 183 
Kermes mineral, 259 Litharge, 501 
Kieselguhr, 269 Lithium, 378 
Kieserite, 415 — carbonate, 380 
Kupfernickel, 229, 490 - chloride, 350 


— detection of, 380 
- oxide and hydrate, 379 


LAKEs, 422 - phosphate, 379 
lL.ampblack, 285 — sulphate, 379 
Lanthanum, 433 Lithographic stone, 399 
Lapis lazuli, 427 Liver of sulphur, 363 
Lavoisier, 30, 31 Lunar caustic, 547 

Law, Avogadro’s, 50, 575 Luteocobaltic chloride, 487 


— Gay-Lussac’s, 43 
-— Dulong and Petit’s, 70, 578 


-—— ofisomorphism, 75, 530 MAGNESIA, 414 

Lead, 498 — alba, 417 

— acetate, 505 — calcined, 415 

— alloys of, 507 — usta, 415 

— carbonates, 504 Magnesite, 286, 413, 417 
- chloride, 506 Magnesium, 413 

-— chromate, 506 — arsenate, 416 

— cyanide, 507 — borate, 417 

— detection of, 508 — carbonate, 417 

— Ihıydrate, 502 — chloride, 417 

-— jodide, 506 —— detection of, 418 

— nitrate, 504 — hydrate, 415 

— oxide, 501 -— oxide, 414 

— peroxide, 502 — phosphates, 416 

—- phosphate, 504 — silicate, 417 

— salts of, 503 - sulphate, 415 

— suboxide, 501 Magnetic oxide of iron, 436, 449 


— silicates, 504 — pyrites, 437, 453 
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MAL 


Malachite, 523, 528 

Manganese, 460 

— alum, 425, 463 

— detection of, 467 

— disulphide, 463 

— oxides, 461 

—- perhydrate, 465 

— peroxide, 464 

— spar, 460, 462 

Manganic acid, 465 

— chloride, 464 

— hydrate, 463 

— oxide, 463 

— sulphate, 463 

Manganite, 460, 463 

Manganous carbonate, 462 

—- chloride, 462 

— nitrate, 462 

— oxide and hydrate, 461 

— sulphate, 461 

— sulphide, 463 

Marble, 286, 399 

Marcasite, 453 

Marking-ink, 547 

Marl, 427 

Marsh gas, 304 

Marsh’s test, 239 

Mass, influence of, on chemical 
affınity, 53 

Massicot, 501 

Matches, lucifer, 210 

Matlockite, 506 

Meerschaum, 413, 417 

Mercurie chloride, 536 

— chromate, 536 

—- compounds, 535 

— cyanide, 538 

— iodide, 538 

— nitrate, 536 

— oxide, 535 

— sulphate, 535 

— sulphide, 538 

Mercurous chloride, 540 

— chromate, 540 

— compounds, 539 

— iodide, 541 

— nitrate, 539 

— oxide, 539 

— sulphide, 541 

Mercury, 533 


NIC 


Mercury, detection of, 542 
Metaboric acid, 263 
Metals, 331 
— classification of, 340 
— ofthe alkalies, 342 
— of the alkaline earths, 388 
— of the earths, 419 

- heavy, 436 
— noble, 533 
— platinum, 557 
Metantimonic acid, 255 
Metaphosphoric acid, 220 
Metastannic acid, 519 
Methane, 304 
Mica, 420 
Microcosmic salt, 383 
Milk of lime, 390 
— sulphur, 145 
Millerite, 492 
Mimetesite, 230 
Mineral waters, 82 
Minium, 502 
Mispickel, 229 
Molecular weights, how found, 51, 
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Molecule, 48 
Molybdenite, 325 
Molybdenum, 325 
— chlorides, 327 
— oxides, 326 
Molybdic anhydride and acid, 326 
Monads, 47 
Monobasic acids, 56 
Monovalent elements, 47 
Mortar, 391 
— hydraulic, 393 
Mosaic gold, 521 
Mottramite, 329 
Multiple proportions, law of, 42 
Muntz-metal, 531 


NASCENT state, 50 

Native, 63 

Natrolite, 425 

Nessler’s solution, 387, 538 
Niecolite, 490 

Nickel, 490 

— alloys of, 492 

— carbonate, 491 
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NIC PHO 
Nickel chloride, 491 Oxyammonium sulphate, 387 
— cyanide, 491 — salts, 386 
— (detection of, 492 Oxychlorides, 58 
— nitrate, 49I Oxygen, 8 
— sulphate, 491 Oxy-hydrogen blowpipe, 24 
- - sulphide, 492 Ozone, 91 
— silver, 492 
!Nickelic oxide and hydrate, 49: 
"Nickelous oxide and hydrate, 490 ParLLapıc chloride, 568 
"Niobium, 330 — oxide, 568 
"Nitrated acid, 158 Palladium, 366 
"Nitrates, 192 — hydride, 566 
"Nitre, 350 Palladous chloride, 568 
"Nitric acid, 189 — iodide, 563 
— anhydride, 192 — nitrate, 567 
— oxide, 192 — oxide, 568 
-— peroxide, 196 Paracyanogen, 312 
- Nitrites, 195 Parkes’s process, 5CO 
"Nitrogen, 181 Passive iron, 443 
— compounds of, with oxygen, 189 Pattinson’s process, 500 
— chloride, 204 Pearlash, 353 
— iodide, 206 Peat, 285 
Nitrosulphonic acid, 166, 197 Pentads, 47 
Nitrosyl chloride, 198 Pentavalent elements, 47 
Nitrous anhydride and acid, 195 Pentathionic acid, 172 
— oxide, 198 Perchloric acid, 113 
Nitryl chloride, 197 Perchromic acid, 474 
Noble metals, 533 Periodic acid, 131 
Nomenclature, chemical, 54 — law, 583 
Nordhausen sulphuric acid, 163 Permanganic anhydride and acid, 
466 
Peroxides, 55 
OLEFIANT gas, 306 Persulphoeyanic acid, 318 
Olivine, 27I, 413, 417 Petallite, 379 
Opal, 269 Phenacolite, 230 
Orangite, 434 Phenakite, 429 
Orpiment, 229, 248 Phlogiston theory, 31 
Orthoclase, 272, 425 Phosgene gas, 297 
Orthophosphorie acid, 216 Phosphates, 217 
Ösmic acid, 570 Phosphine, 211 
Osmiridium, 558, 369 Phosphonium iodide, 128, 213 
Osmium, 570 Phosphoretted hydrogen, Z11 
Oxalic acid, 297 Phosphoric acid, 216 
Oxamic acid, 299 _ anhydride, 214 
Oxamide, 300 — bromide, 227 
Oxidation, 36 — chloride, 225 
Oxides, 55 - oxybromide, 227 
Oxy-acids, 56 - oxychloride, 226 
Oxyammonia, 186 - sulphide, 229 


Oxyammonium chloride, 387 Phosphorite, 206, 396 
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PHO 


Phosphorous anhydride and acid, 
221 

— bromide, 227 

— chloride, 224 

Phosphomolybdic acid, 327 

Phosphotungstic acid, 328 

Phosphorus, 206 

—- compounds of, with hydrogen, 
211 

— — oxygen, 213 

— — the halogens, 223 

— — sulphur, 228 

— diiodide, 228 

— disulphide, 22 

— pentabromide, 227 

— pentachloride, 225 

— pentasulphide, 229 

— tribromide, 227 

— trichloride, 224 

— triiodide, 228 

Phosphoryl chloride, 226 

Photography, 549 

Physical processes, 3 

— properties, 67 

Pink salt, 520 

Pitchblende, 479 

Plaster of Paris, 394 

Platinic chloride, 561 

— oxide and hydrate, 562 

— sulphide, 562 

Platinous chloride, 562 

— cyanide, 563 

— oxide and hydrate, 563 

— sulphide, 563 

Platinum, 558 

— ammoniacal compounds of, 563 

— black, 559 

— metal*, 557 

— spongy, 558 

Plumbago, 281 

Poles or electrodes, 6 

Polythionic acids, 171 

Porcelain, 426 

Portland cement, 303 

Potash, 353 

— alum, 423 

— felspar, 425 

Potassium, 342 

— acid carbonate, 354 

— acid fluoride, 358 


PRO 


Potassium acid sulphate, 349 
— aluminate, 422 
— zurate, 554 
— bromide, 356 
— carbonate, 353 
— chlorate, 354 
-— chlorchromate, 477 
— chloride, 356 
— chlorpalladinate, 568 
— chlorplatinate, 364, 561 
— chromate, 476 
— cobalticyanide, 488 
— compounds of, 346 
— cyanate, 361 
— cyanide, 359 
— detection of, 364 
— dichromate, 475 
— ferrate, 450 
— ferrieyanide, 457 
— ferrocyanide, 453 
— fluoborate, 358 
— fluoride, 358 
— fuosilicate, 359 
— hydrate, 246 
— hypochlorite, 354 
— iodide, 356 
— iridium chloride, 559 
— manganate, 465 
— monosulphide, 362 
— nitrate, 350 
—- nitrite, 352 
— osmate, 571 
— oxalate, 355 
— oxide, 346 
— perchlorate, 354 
— permanganate, 466 
— peroxide, 346 
— plumbate, 507 
— polysulphides, 363 
— silicate, 355 
— stannate, 520 
— sulphate, 349 
— sulphocyanate, 361 
— sulphydrate, 363 
— uranate, 482 
Prehnite, 272 
Priestley, S 
Proportions, combining, 38 
Proustite, 543 
Prout’s hypothesis, 582 








PRU 
IPrussian blue, 456 

Prussic acid, 313 
IPsilomelane, 460 
!Puddling, 439 

! Purple copper ore, 523, 530 
— of Cassius, 553, 556 
Pyrargyrite, 250, 543 
Pyrites, copper, 140, 523, 530 
— iron, 140, 437, 452 
Pyroboric acid, 263 
Pyrolusite, 460, 464 
Pyromorphite, 504 
Pyrophosphorie acid, 219 


QuANTITY (mass), influence of, on 


chemical afhinity, 53 
Quartz, 268 
Quicklime, 389 
Quicksilver, see Mercury 


RADICAL, compound, 61 
Rain water, 83 
Realgar, 229, 248 

Red arsenic glass, 248 
— copper ore, 523, 529 
— lead, 502 

— prussiate, 457 

— short, 440 

Reduced iron, 442 
Reduction, 36 
Rhodium, 570 

Rock salt, 365, 376 
Roman alum, 424 

— cement, 393 
Roseocobaltic chloride, 487 
Rouge, 447 

Rubidium, 380 

— compounds, 381 
Ruby, 421 

— sulphur, 248 
Ruthenium, 571 

Rutile, 322 


SAL-AMMONTAC, 385 
Salt-cake, 371 

Saltpetre, 350 

Salts, constitution of, 332 
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Salts of sorrel, 355 
Samarskite, 330, 433 
Sandstone, 269 

Sassolite, 260 

Scheele, 8, 31, 97 
Scheele’s green, 235, 527 
Scheelite, 327 

Schlippe’s salt, 259 
Schützenberger’s acid, 155 
Schweinfurth green, 235, 527 
Selenic acid, 178 


Selenious anhydride and acid, 


Selenite, 394 
Selenium, 174 
—- chlorides, 179 
— compounds, 175 
— disulphide, 178 
Senarmontite, 253 
Serpentine, 271, 413, 417 
Sesqui-oxides, 55 
Siderite, 436, 446 
Siemens-Martin process, 441 
Silica, 268 
Siliceous calamine, 493 
— sinter, 269 
Silicice acid, 271 
Silicö-chloroform, 276 
Silico-formie anhydride, 277 
Silicon, 266 
— compounds, 268 
— fluoride, 274 
— hexschloride, 274 
— hexiodide, 274 
— hydride, 272 
tetrabromide, 274 
— tetrachloride, 273 
— tetriodide, 274 
Silicotungstic acid, 325 
Silicoxalic acid, 277 
Silver, 543 
— alloys of, 551 
— arsenate, 547 
—- arsenite, 547 
bromide, 548 
- carbonate, 547 
- chloride, 548 
- chromate, 548 
compounds, 545 
copper-glance, 543 
—- cyanide, 550 
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SIL 


Silver, detection cf, 551 
— fluoride, 550 
Silver-glance, 543, 551 
Silver iodide, 548 

— nitrate, 546 

— oxide, 545 

— peroxide, 546 

— phosphate, 547 

— sulphate, 546 

— sulphide, 550 
Skutterudite, 489 
Slaked lime, 390 
Smalt, 489 

Smaltite, 229, 484 
Smithsonite, 493 
Soapstone, 413 

Soda, 369 

— felspar, 425 

— sesquicarbonate of, 374 
Sodium, 365 

— acid carbonate, 374 
— acid sulphate, 368 
— acid sulphite, 368 
— aluminate, 422 

> arsenate, 375 

— auric chloride, 553 
— borate, 376 

— carbonate, 369 

-— chloride, 376 

— chlorplatinate, 562 
— chromate, 477 

— detection of, 378 
— diacid phosphate, 375 
— ferrocyanide, 456 
— hydrate, 367 

— metaphosphate, 375 
— metastannate, 519 
— monacid phosphate, 374 
— nitrate, 369 

— nitroprusside, 458 
— oxide, 367 

— peroxide, 367 

-—— phosphates, 375 

— pyrophosphate, 375 
— stannate, 5I9 

— sulphate, 367 

— sulphite, 368 

— thiosulphate, 368 
Solder, 521 

Solution, 76 


Index. | 


SUL 


Solution, supersaturated, 84 
Sombrerite, 396 

Spathic iron ore, 286, 436, 446 
Spectrum analysis, 337 
Specular iron, 436, 447 
Speculum metal, 531 
Speiss-cobalt, 484, 489 
Sphene, 323 

Spiegeleisen, 439 

Spinelle, 422 

Spongy platinum, 558 
Stahl’s phlogiston theory, 31 
Stannic acid, 520 

— chloride, 520 

— compounds, 519 

— hydrate, 519 

— oxide, 519 

— sulphide, 520 

Stannous chloride, 518 

— compounds, 517 

— oxide and hydrate, 517 
— sulphate, 517 

— sulphide, 518 

Steatite, 413, 417 

Steel, 440 

Stibnite, 258 

Stoneware, 426 

Strontianite, 286, 406 
Strontium, 406 

— carbonate, 407 

— chloride, 407 

— chromate, 477 

— detection of, 408 

— hydrate, 407 

— nitrate, 407 

— oxide, 406 

— peroxide, 407 

— sulphate, 407 

— sulphide, 407 

Struvite, 416 

Suboxides, 55 

Sugar of lead, 505 
Sulphantimonic acid, 259 
Sulphites, 154 

Sulpho-acids, -bases, and -salts, 57 
Sulphocarbonic acid, 302 
Sulphocyanie acid, 317 
Sulphur, 139 

— compounds of, with oxygen, 148 
-—— dichloride, 173 








SUL 


‘Sulphur diselenide, 178 

— flowers of, 142 

— group of elements, 137 

-—— hexiodide, 174 

— milk of, 145 

-— tetrachloride, 174 
*Sulphuric acid, 155 

-— fuming or Nordhausen, 163 
*Sulphuretted hydrogen, 145 
*Sulphurous acid, 154 

-— anhydride, 150 

‘Sulphuryl, 152 

— chloride, 164 
‘Superphosphate oflime, 209, 398 
‘Supersaturated solutions, 84 
‘Sylvanite, 552 


" TABLES, 586 
Talc, 413, 417 
Tantalite, 330 
 Tantalum, 330 
Tartar emetic, 254 
Tellurium, 179 


Temperature, influence of, on che- 


mical afhnity, 52 
Terbium, 433 
Terne-plate, 443 
Tetrads, 47 
Tetradymite, 179 
Tetrahedrite, 523 
Tetrathionic acid, 172 
Tetravalent elements, 47 
Thallic compounds, 512 
Thallium, 509 
-- compounds, 511 
— detection of, 512 
Thallous compounds, 511 
Theory, atomic, 44 

- electro-chemical, 46 
- - phlogiston, 31 
Thiosulphurie acid, 167 
"I horium, 434 
Tin, 516 
— alloys of, 521 

compounds, 517 
— detection of, 522 
Tin-foil, 521 
Tin-plate, 443, 521 
Tin-salt, 518 
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VAN 


Tin-stone, 516, 519 
Tinkal, 260, 376 

Titanic anhydride and acid, 323 
— iron, 323 
Titanite, 323 
Titanium, 322 

— nitride, 325 

— sesquioxide, 324 
— tetrachloride, 324 

— tetrafluoride, 325 
Tombac, 531 
Triads, 47 
Tribasic acids, 56 
Tridymite, 269 
Triferric tetroxide, 449 
Trimanganic tetroxide, 464 
Triphylline, 379 
'Trithionic acid, 172 
Trivalent elements, 47 
Trona, 286, 374 
Tungsten, 327 
— chlorides, 329 

— steel, 329 
Tungstic anhydride and acid, 328- 
Turnbull’s blue, 458 
Turpeth mineral, 535 
Type metal, 252, 507 


ULTRAMARINE, 427 
Uranates, 482 
Uranic carbonate, 451 
- nitrate, 480 
oxide, 480 
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Uranium, 479 
Uranoso-uranic oxide, 482 
Uranous chloride, 482 
- oxide, 482 
— sulphate, 482 
Uranyl, 481 
— chloride, 481 
— sulphide, 482 


VALENCY, 47 

Valentinite, 253 
Vanadinite, 329 
Vanadium, 329 
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Verdigris, 524, 528 
Vermilion, 539 
Vivianite, 447 
Volumes, law of, 43 


Wan, 460 

Water, So 

— hard, 83 

— of constitution, 86 
— of erystallization, 85 
Waters, mineral, 82 
Wavellite, 425 
Weights, atomic, 60 
-— equivalent, 42 
White arsenic, 230, 233 
— lead, 504 

— precipitate, 537 

— vitriol, 495 
Willemite, 493 
Witherite, 286, 408 
Wolfram, 327 
Woulff’s bottle, 19 
Wrought iron, 440 
Wulfenite, 325 
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YELLOW prussiate, 453 
Ytterbium, 433 
Yitrium, 433 
Yitrotantalite, 433 


ZAFFRE, 489 
Zeolites, 425 
Zinc, 493 
— blende, 493, 496 
— carbonate, 495 
— chloride, 495 
— detection of, 496 
— hydrate, 495 
—— nitrate, 495 
— oxide, 494 

- spar, 495 
—— sulphate, 495 
— sulphide, 4096 
— white, 495 
Zinkenite, 507 
Zircon, 434 
Zirconium, 434 
— compounds, 435 
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Abney’s Photography, 3s. 6d. 
Anderscn’s (Sir John) Strength of Materials, 3s. 6d, 
Armstrong’s Organic Chemistry, 3s. 6d, 
Ball’s Astronomy, 65. 
Barry’s Railway Appliances, 3s. 6d. 
Bauerman’s Systematic Mineralogy, 65. 
Bloxam & Huntington’s Metals, ös. 
Glazebrook’s Physical Optics, 6s. 
Gore’s Electro-Metallurgy, 68. 
Griffin’s Algebra and Trigonometry, 3s. 6d, 
Jenkin’s Electricity and Magnetism, 3s. 6d, 
Maxwell’s Theory of Heat, 3s. 6d, 
Merrifield’s Technical Arithmetic and Mensuration. 3s. 6d. 
Miller’s Inorganic Chemistry, 3s. 6d. [Continued on page. 


London, LONGMANS & CO. 
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Text-Books of Science, Mechanical and Physical—continued. 
Preeca & Sivewright’s Telegraphy, 3s. dd. 
Rutley’s Study of Rocks, 4s. 6d. 
Shelley’s Workshop Appliances, 4s. 6d. 
'Thome&’s Structural and Physiological Botany, 6s. 
Thorpe’s Quantitative Chemical Analysis, 4s. &d, 
Thorpe & Muir’s Qualitative Analysis, 3s. 6d. 
Tilden’s Chemical Philosophy, 3s. 6d. 
Unwin’s Machine Design, 63. 
Watson’s Plane and Solid Geometry, 3s. 64, 
Tyndall’s Floating Matter of the Air. Crown 8vo. 7s. öd. 
—  Fragments of Science. 2 vols. post 8vo. 16s. 
Heat a Mode of Motion, Crown 8vo, 12s, 
Lectures on Light delivered in America. Crown 8vo, 7s. 6d, 
Lessons in Electrieity. Crown 8vo. 2s. dd. 
Notes on Electrical Phenomena. Crown 8vo. 1s. sewed, 1s.6d. cloth. 
Notes of Lectures on Light. Crown 8vo. 1s. sewed, 18. 6d. cloth. 
Sound, with Frontispiece & 203 Woodeuts. Crown 8vo, 10s. 6d. 
Von Cotta on Rocks, by Lawrence. Post 8vo. 14s. 
Wood’s Bible Animals. With 112 Vignettes. 8vo. 10s. 6d. 
Common British Insects. Crown 8vo, 3s. 6d. 
Homes Withont Hands. 8vo. 10s. 6d. Inseets Abroad. 8vo, 10s, 6d. 
Insects av Home. With 700 Illustrations. 8vo. 104. 6d. 
Out of Doors. Crown 8vo. ds. 
Strauge Dwellings. Crown 8vo. 5s. Sunbeam Edition, 4to. 6d. 


CHEMISTRY AND PHYSIOLOGY. 
Buckton’s Healthin the House, Lectures on Elementary Physiology. Cr. 8vo, 2: 
Jago’s Inorganic Chemistry, Theoretical and Practical. Fep.$vo. 2s. 
Miller’s Elements of Chemistry, Theoretical and Practical. 3 vols. $vo, Part. 


Chemical Physics, 165. Part II. Inorgauic Chemistry,24s. Part III. Organic 
‚ price 31s. 64, 
Reynolds’s Experimental Chemistry. Fep.8vo,* Part I.1s.6d. Part II. 2s. 6d. 
Tilden’s Practical Chemistry. Fcp. 8vo. 1s. 6d, 
Watte’s Dictionary of Chemistry. 9 vols. medium 8vo. £15. 2s. 64, 

THE FINE ARTS AND ILLUSTRATED EDITIONS. 
Dresser’s Arts and Art Manufactures of Japan. Square crown 8vo, 3ls. 6d. 
Eastlake’s (Lady) Five Great Painters, 2 vols, crown 8vo, 16s. 

Notes on the Brera Gallery, Milan. Crown $vo.5s. 

— Notes on the Louvre Gallery, Paris. Crown 8vo. 7s. 6d, 
Hulme’s Art-Instruction in England. Fep. 8vo.3s. 6d. 

Jameson’s Sacred and Legendary Art. & vols, square erown $vo, 
Legends of the Madonna. 1 vol. 21s, 


TEN 


— Monastie Orders. 1 vol. 2ls. 
— Saints and Martyrs. 2 vols. 31s. 6d. 
— — Saviour. Completed by Lady Eastlake, 2 vols. 42s, 
Longman’s Three Catheirals Dedicated to St. Paul. Square crown 8vo.21s. 
Macaulay’s Lays of Ancient Rome, illustrated by Scharf. Fep. $to. 10s. 6a. 
The same, with Zvry and the Armada, illustrated by Weguelin. Crown 8vo. 6s. 
Macfarren’s Lectures on Harmony. $vo. 12s. 
Moore’s Irish Melodies. With 161 Plates by D. Maclise, R.A. Super-royal8vo, 21s, 
— Lalla Rookh, illustrated by Tenniel. Square crown $vo. 10s. 6d, 
New Testament (The) illustrated with Woodcuts after Paintings by the Early 
Masters. 4to, 21s. cloth, or 425. morocco, 
Perry on Greek and Roman Sculpture. With 280 INustretions engraved on 
Wood. Square crown 8vo. #1. id. 


London, LONGMANS & CO. 
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THE USEFUL ARTS, MANUFACTURES, &c. 


Bourne’s Catechism of the Steam Engine. Fcp. 8vo. 68. 
— Examples of Steam, Air, and Gas Engines. 4to. 70s. 
— Handbook of the Steam Engine. Fep. 8vo. 9s. 
— Recent Improvements in the Steam Engine, Fcp. 8vo. 6s. 
—  Treatiseon theSteam Engine, 4to.42s. 
Brassey’s British Navy, with many Illustrations. 5 vols. royal 8vo. 24s. 6Gd. 
Oresy’s Encyclopsedia of Civil Engineering. 8vo. 255. 
Onlley’s Handbook of Practical Telegraphy. 8vo. 16s. 
Eastlake’s Household Taste in Furniture, &c. Square crown 8vo. 14s. 
Fairbairn’s Useful Information for Engineers. 3 vols. crown 8vo, 31s. 6d, 
_ Mills and Millwork. 1 vol. 8vo. 25s. 
Gwilt’s Encyclopzdia of Architecture. 8vo. 52s. 6d. 
Kerl's Metallurgy, adapted by Crookes and Röhrig. 3 vols. 8vo. £4. 19s, 
Loudon’s Encyclopsdia of Agriculture. 8vo. 21s. 
_ — Gardening. 8vo. 2ls. 
Mitchell’s Manual of Practical Assaying. 8vo. 31s. 6d, 
Northcoott’s Lathes and Turning, 8vo. 18s. 
Payen’s Industrial Chemistry Edited by B. H. Paul, Ph.D. 8vo. 42s, 
Piesse’s Art of Perfumery. Fourth Edition. Square crown 8vo, 21s. 
Sennett’s Treatise on the Marine Steam Engine, 8vo. 21s. 
Dre’s Dictionary of Arts, Manufactures, &, Mines. 4 vols. medium 8vo. £7 Ta. 
Ville on Artificial Manures. By Crookes, 8vo. 21s. 


RELIGIOUS AND MORAL WORKS. 


Abbey & Overton’s English Churchin the Eighteenth Century. 2 vols, 8vo. 36s. 

Arnold’s (Rev. Dr. Thomas) Sermons. 6 vols. crown 8vo. 5s. each, 

Bishop Jeremy Taylor’s Entire Works. With Life by Bishop Heber. Edited, by 
the Rev. CO. P, Eden. 10 vols. 8vo. £5. 5s. 

Boultbee’s Commentary on the 39 Articles. Crown $8vo, 6s. 
—_ History of the Church of England, Pre-Reformation Period. 8vo. 15s. 

Bray’s Elements of Morality. Fcp. 8vo. 2s. 6d. 

Browne’s (Bishop) Exposition of the 39 Articles. 8vo. 16s. 

Calvert’s Wife’s Manual. Crown 8vo. 6s. 

Christ our Ideal. 8vo. 8s. 6d. 

Oolenso’s Lectures on the Pentateuch and the Moabite Stone, 8vo,12s. 

Colenso on the Pentateuch and Book of Joshua. Crown 8vo. 6s, 

Conder’s Handbook of the Bible. Post 8vo, 7s. 6d. 


Oonybeare & Howson’sLife and Letters of St. Paul :— 
Library Edition, with all the Original Illustrations, Maps, Landscapes on 
Steel, Woodcuts, &c. 2 vols. 4to. 42s. 
Intermediate Edition, with a Selection of Maps, Plates, and Woodents. 
2 vols. square crown 8vo, 21s. 
Student’s Edition, revised and condensed, with 46 Illustrations and Maps, 
1 vol. crown 8vo. 7s. 6d. 
Oreighton’s History of the Papacy during the Reformation. 2 vols, 8vo. 32s. 
Davidson’s®Introduction to the Study of the New Testament. 2 vols. 8vo. 30s. 


Edersheim’s Life and Times of Jesus the Messiah. 2 vols, 8vo, 42s. 


London, LONGMANS & CO. 
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y n St. Paul’s Epistles, 8vo. Galatians, 8s. 6d. 
BneEN u a ich 108, 64. Philippians, Colosssians and 
° Philemon, 10s.6d. Thessalonians, 78. 6d. . 
Ellicott’s Lectures on the Life of our Lord. 8vo. 12s. A 
—  Antiquities of Israel, translated by Solly. 8vo. 12s. 6d. 
Ewald’s Christ and His Time, translated by J. F. Smith. 8vo, 16s. 

— History of Israel, translated by Carpenter & Smith, 6 vols. 8vo. 79s. 
Gospel (The) for the Nineteenth Century. 4th Edition, 8vo, 105. dd. 
Hopkins’s Christ the Consoler. Fcp. 8vo. 2s. 6d, 

Jukes’s New Man and the Eternal Life. Crown 8vo. Bs. 

— Second Death and the Restitution of all Things. Crown 8vo.3s, 6d. 

—  Types of Genesis, Crown 8vo, 75. 6d. 

Kalisch’s Bible Studies. PART I. the Prophecies of Balaam. 8vo. 105, 6d. 
_ 0. PART II. the Book of Jonah. 8vo. 10s. 6d, 
_ Historical and Critical Commentary on the Old Testament; with a 
New Translation. Vol. I. Genesis, 8vo, 18s. or adapted for the General 
Reader, 12s. Vol. II. Erodus, 15s. or adapted for the General Reader, 12». 
Vol. III. Zeviticus, Part 1. ls. or adapted for the General Reader, 8s. 
Vol. IV. Leriticus, Part II. 15s. or adapted for the General Reader, 8s, 
Keary’s Outlines of Primitive Belief, 8vo. 18s. 
Lyra Germanica : Hymns translated by Miss Winkworth. Fcp. 8vo. 5s, 
Manning’s Temporal Mission of the Holy Ghost. Crown 8vo, 8s. 6d, 
Martineau’s Endeavonrsafter the Christian Life. Crown 8v0.7s. 6d, 

_ Hymns of Praise and Prayer, Crown 8vo,4s.6d, 32mo,1s.6d, 

_ Sermons, Hours of Thought on Sacred Things. 2 vols, 73. öd. each. 
Mill’s Three Essays on Religion. $vo. 10». 6d. 
Monsell’s Spiritual Songs for Sundays and Holidays, Fep.8vo.5s. 18mo. 2s, 
Müller’s (Max) Origin & Growth of Religion. Crown 8vo, 7s. 6d, 

- — Science of Religion, Crown 8vo. 7s. 6d, 
Newman’s Apologia pro Vitä Suä. Crown 8vo.6s. 
Sewell’s (Miss) Passing Thoughts on Religion. Fcp. 8vo. 3s. dd. 

_ — Preparation forthe Holy Communion. 32mo. 3s. 

Seymour’s Hebrew Psalter, Crown 8vo. 2s. 6d, 
Smith’s Voyage and Shipwreck of St. Paul, Crown 8vo. 7s.6d. 
Supernatural Religion. Complete Edition. 3 vols. 8vo. 36s. 
Whately’s Lessons on the Christian Evidences, 18mo, 6d, 
White’s Four Gospels in Greek, with Greek-English Lexicon. 32mo. 5s. 


TRAVELS, VOYAGES, &c. 
Baker’s Eight Years in Ceylon. Crown 8vo, 75. 6d, 
—  Rifleand Houndin Ceylon. Crown 8vo. 7s. 6a, 


Ball’s Alpine Guide. 3 vols.post 8vo. with Maps and Illustrations :—I. Western 
Alps, 65, 6d. II. Central Alps, 7s. 6d. III. Eastern Alps, 10s. 6d, 


Ba ou Alpine Travelling, and on the Geology of the Alps, 15. 
Brassey’s Sunshine and Storm in the East. Crown 8vo. 7s. 61. 


_ Voyage in the Yacht ‘Sunbeam.' Crown 8v0.7s.64. School Edition, 
fcp. 8vo. 2s. Popular Edition, 4to. 6d, 


Freeman’s Impressions of the United States of America. Crown 8vo. 6s. 
Hassall’s San Remo Olimatically considered. Crown 8vo. 5s. 
Miller’s Wintering in the Riviera. Post 8vo. Illustrations. 73. 6d. 


London, LONGMANS & CO. 
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The Alpine Club Map of Switzerland. In Four Sheets, 425, 
Three in Norway. By Two o£ Them. Crown 8vo, Illustrations, 6s. 
Weld’s Sacred Palmlands, Crown 8vo. 10s. 6d, 


WORKS OF FICTION. 


Arden. By A.Mary F. Robinson. 2 vols. crown Svo. 12s. 

Aut Caesar aut Nihil. By the Countess von Bothmer. 3 vols. crown 8vo. 21s. 

Because of the Angels. ByM.Hope. 2 vols. crown 8vo. 12s, 

Brabourne’s (Lord) Higgledy-Piggledy. Crown 8vo, 3s.6d. 
—_ —_ Whispers from Fairy Land. Crown 8vo. 3s. 6d. 

Oabinet Edition of Novels and Tales by the Earl of Beaconsfield, R.G. 11 yols. 
crown ®vo, price ßs. each, 

Oabinet Edition of Stories and Tales by Miss Sewell. Crown 8vo. cloth extra, 
gilt edges, prioe 3s. 6d. each :— 


Amy Herbert. Cleve Hall. A. Glimpse of the World. 

The Earl’s Daughter. Katharine Ashton, 
Experience of Life, Laneton Parsonage. 

Gertrude. Ivors, Margaret Percival. Ursula, 


Novels and Tales by the Earl of Benconsfield, K.G. Hughenden Edition, with 2 
Portraits on Steel and 11 Vignettes on Wood. 11 vols. crown 8vo. £2. 2s. 

The Modern Novelist’s Library. Each Work in crown 8vo, A Single Volume, 
complete in itself, price 2s. boards, or 2s. 6d. cloth :— 


By the Earl of Beaconsfield, K.G. By Major Whyte-Melville. 
Lothair. Coningsby, Digby Grand. 
Sybil, Tancred. ö General Bounce, 
Venetia. Henrietta Temple. Kate Coventry. 
Contarini Fleming. The Gladiators. 
Alroy, Ixion, &c, Good for Nothing. 
The Young Duke, &o. Holmby House. 
Vivian Grey. Endymion. The Interpreter. 

By Bret Harte. The Queen's Maries. 
In the Carquinez Woods. By Various Writers. 

By Mrs. Oliphant. The Atelier du Lyas. 


Atherstone Priory. 
The Burgomaster’s Family. 
Elsa and her Vulture. 


In Trust, the Story of a Lady 
and her Lover. 


By Anthony Trollope. Mademoiselle Mori. 
Barchester Towers, The Six Sisters of the Valleys, 
The Warden. Unawares, 


Novels and Tales of the Earl of Beaconsfield, K.G. Modern Novelist’s Library 
Edition, complete in 11 vols. crown 8vo. price £1. 13s. cloth extra. 


In the Olden Time. By the Author of ‘ Mademoiselle Mori.’ Crown Svo. 6s. 
Messer Agnolo’s Household. By Leader Scott. Crown Svo. bs. 

Thicker than Water, By James Payn, 3 vols. 21s. 

Under Sunny Skies. By the Author of ‘ Robert Forrester.’ 2 vols. 12s. 
Whom Nature Leadeth, By G. Noel Hatton. 3 vols. 21s. 


POETRY AND THE DRAMA. 


Bailey’s Festus, a Poem. Crown 8yo. 12s. 6d. 
Bowdler’s Family Shakspeare. Medium 8vo. 144. 6 vols. fep. 8vn. 21s. 
Cayley’s Iliad of Homer, Homometrically translated. 8vo. 125, öd. 


London, LONGMANS & CO. 
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Conington’s Zneid of Virgil, translated into English Verse, Crown 8vo. 9. 
— °  Prose Translation of Virgil’s Poems. Crown $vo. 9s. 

Goethe’s Faust, translated by Birds. Large crown 8vo. 12s. 6d, 

_ —  translated by Webb. 8vo. 12s. 6d. 

_ — edited by Selss. Crown 8vo. 5s. 
Ingelow’s Poems, New Edition. 2 vols. fcp. $vo, 12s. 
Macaulay’s Lays of Ancient Rome, with Ivry and the Armada. 16mo, 3s. 6d. 
The same, Cheap Edition, fcp. 8vo. 15. sewed, 1s. 6d. cloth, 2s. 6d. cloth extra. 
Bouthey’s Poetical Works. Medium 8vo. 14s. 


RURAL SPORTS, HORSE AND CATTLE MANAGEMENT, &c. 


Dead Shot (The), by Marksman. Crown 8vo. 105. 6d, 
Fitzwygram’s Horses and Stables. 8vo. 10s. dd. 
Francis’s Treatise on Fishing in all its Branches. Post 8vo, 155, 
Horses and Roads. By Free-Lance. Crown $8vo, 6s. 
Howitt's Visits to Remarkable Places. Crown 8vo, 7s. 6d, 
| Jefferies’ The Red Deer. Crowu Svo. 4s, bil. N 
Miles’'s Horse’s Foot, and How to Keep it Sound. Imperial $vo. 12s. 64, | 
— Plain Treatise on Horse-Shoeing. Post 8vo, 2. Bu, 
—  Remarks on Horses’ Teeth. Post 8vo. 1s. 6.. 
—  Stables and Stable-Fittings. Imperial Svo. 15s. | 
Milner’s Country Pleasures, Crown 8vo. 6s. 
' Nevile’s Horses and Riding. Crown 8vo, 6s. 
\ Ronalds’s Fly-Fisher’s Entomology. 8vo. 14s, 
Steel’s Diseases of the Ox, a Manual of Bovine Pathology. 8vo. 155, 
Stonehenge's Dog in Health and Disease, Square crowu 8vo. 71. 6d. 
| _ Greyhound. Square crown 8vo. lös, 
, Wilcocks’s Sea-Fisherman. Post 8vo. 12s. ba. 
Youatt’s Work on the Dog. 8vo, 6s. 
= — — -— Horse. 8vo. 7s. 6d. 


WORKS OF UTILITY AND GENERAL INFORMATION. 


Acton’s Modern Cookery for Private Families. Fep. 8vo. 4s. 64. 
Black’s Practical Treatise on Brewing. 8vo. 10s, 6d, 
Buckton’s Food and Home Cookery, Crown 8vo, 2s. 6d. 
\ Bullon the Maternal Management of Children. Fcp. 8vo. 1s. 64. 
Bull’s Hints to Mothers on the Management of their Health during the Period of 
Pregnancy and in the Lying-in Room. Fcp. 8vo, 1s. 6d. 
Burton’s My Home Farm. Crown 8vo, 35. 6d. 
Campbell- Walker’s Correct Card, or How to Play at Whist. Fcp. 8vo, 25. 67 
dahnaoe! 8(W. BR J. H.) Patentee’s Manual. Fourth Edition. &vo. 10s. 6d. 
The Patents Designs &c. Act, 1853. Fcp.Svo, 1s. 
Longman’s Chess Openings,. Fcp. $vo, 2s. 6d. 
Macleod’s Elements of Banking. Fourth Edition. Crown 8vo. 55, 
_ Elements of Economics. 2 vols. small crown 8vo. Vor. I. 7s.6d, 
_ Theory and Practice of Banking. 2 vols.8vo. Vol.I.12s. 





London, LONGMANS & CO. 
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M’Culloch’s Dictionary of Commerce and Commercial Navigation. IB: 633. 
Mannder’s Biographical Treasury. Fcp. 8vo. 65, 

_ Historical Treasury. Fep. 8vo. 6s. 
Scientific and Literary Treasury. Fcp. 8vo. 6s. 
Treasury of Bible Knowledge, edited by Ayre. Fcp, 8vo. 6s. ' 
'Ireasury of Botany, edited by Lindley & Moore. Two Parts, 123. 
Treasury of Geography. Fcp. 3vo. 6s. 

E= Treasury of Knowledge and Library of Reference. Fecp. 8vo. 6s, 

Treasury of Natural History. Fcp. 8vo, 6s. 

Pewiners Comprehensive Specifier ; Building-Artificers’ Work, Crown ®vo, 68. 
Pole’s Theory of the Modern Scientific Game of Whist. Fcp. 8vo. 2s. 6d, 
Quain’s Dietionary of Medicine. Medium 8vo. 31s. 6d. or in 2 vols. 34s. 
Reeve’s Cookery aud Housekeeping. Crown Svo, 75. 6d, 
Scott’s Farm Valuer. Crown 8vo, 5s. 
Smith’s Handbook for Midwives. Crown 8vo. 5s. 
The Cabinet Lawyer, a Popular Digest of the Laws of England, Fep,8vo. 9. 
Ville on Artificial Manures, by Crookes. 8vo. 21s. 
Willich’s Popular Tables, by Marriott. Crown 8vo. 10s. 


MUSICAL WORKS BY JOHN HULLAH, LL.D. 


Hullah’s Method of Teaching Singing. Crown 8vo, 2s. 6d. 

Exercises and Figures in the same. Crown 8vo. 1s. sewed, or 1s. 2d. iimp cloth ; 
or 2 Parts, 6d. each sewed, or 8d. each limp celoth. 

Large Sheets, containing the ‘Exereises and Figures in Hullah’s Method,’ in 
Five Parcels of Eight Sheets each, price 65. each. 

Ohromatic Scale, with the Infected Syllables, on Large Sheet, 13s. 6@. 

Card of Chromatic Scale. ld. 

Grammar of Musical Harmony. Royal8vo. price 3s. sewed and 4s.6d. cloth; or 
in 2 Parts, each 18. 6d. 

Exercises to Grammar of Musical Harmony. 1s. 

Grammar of Counterpoint. Part I. super-royal 8vo, 2s. 6@. 

Wilhem’s Manual of Singing. Parts I. & II. 2s. 6d. each or together, 5s, 

Exereises and Figures contained in Parts I. and II. of Wilhem’s Manual. Books 
1. & II. each 8d. 

Large Sheets, Nos. 1 to 8, containing the Figures in Part I. of Wilhem’s Manual, 
in & Parcel, B8. 

Large Sheets, Nos, 9 to 40, containing the Exereises in Part I.of Wilhem’s 
Manual, ia Four Parcels of Eight Nos. each, per Parcel, 65. 

Large Sheets, Nos. 41 te 52, containing the Figures in Part Il. ina Parcel, 9s. 

Hymns for tne Youug, set to Music, Royal 8vo. dd. sewed, or 1s. 6d. cloth. 

Infant School Sougs. 6d. 

Notation, the Musical Alphabet. Crown 8vo. 6d. 

Old English Songs for Schools, Harmonised. '6d. 

Rudiments of Musical Grammar. Royal 8vo. 35. 

School Songs for 2 add 3 Voices. 2 Books, 8vo. each 6d. 

A Short Treatise on the Stave. 25. 

Lectures on the History of Modern Music, 8vo, 8s. 6d. 

Lectures on the Transition Period of Musical History. 8vo. 10s. 6d. 


London, LONGMANS & CO. 
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